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The Unit shown at the right is but one of a family 
designed to serve virtually every industrial require- 
ment from about 10,000 to 300,000 (or more) Ib of 
steam per hour, pressures up to 1000 psi and steam 
temperatures to 900 F. There are Vertical-Unit Boilers 
suitable for all methods of firing, including pulverized 


coal, all types of stokers and oil or gas. 


Modern steam generating equipment can’t lower 
the price of a ton of coal or a barrel of oil, but it can 
produce more steam from every ton of coal or every 
barrel of oil. The modern unit can’t lower the cost 
of a man-hour but it can and does operate so re- 
liably that maintenance costs are kept at a mini- 
mum. 

C-E Vertical-Unit Boilers represent truly mod- 
ern standards of design. To an exceptional degree 
they incorporate all the important advances in 
steam generation made in the past twenty-five 
years ... advances that have resulted in substan- 
tially increased efficiencies and lower operating 
costs. At today’s high costs of fuel and labor, these 
gains in operating efficiency may well prove the 
difference that will make replacement a profitable 
procedure for you. Whether you are considering the 
purchase of equipment for replacement or expan- 
sion, or for a new plant, a C-E Vertical-Unit Boiler 
will provide the right answer to your particular 
situation. 

The unit illustrated above — and others in the 


C-E Vertical-Unit Boiler, Type VU-50 







Vertical-Unit line not shown are collectively de- 
signed to serve virtually every industrial require- 
ment from about 10,000 to 300,000 (or more) |b 
of steam per hour, pressure up to 1,000 psi and 
steam temperatures to 900 F. The entire Vertical- 
Unit line offers the advantages of time-tested 
standards of design coupled with that flexibility of 
application — fuels, firing methods, operating con- 
ditions, etc.— required to meet particular plant 
needs. We shall be pleased to supply catalogs and 


any additional information required upon request. 
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ENGINEERED BY THE 


MAKERS OF COPES 


COPES furnishes pressure-reducing and desuperheat- 
ing stations designed and built for the individual installa- 
tion. COPES also builds-to-measure boiler superheat 
controls responsive to both steam flow and temperature. 


Cooling water completely 


atomized at all rates of 
flow... final steam tem- 
perature held closely... 


Easily installed, the COPES 





Desuperheater holds the final steam 
temperature within plus-or-minus 5 
degrees F., regardless of changes 


in initial temperature or rate of 





flow. Self-contained, it has no out- 

side valve controlling flow. Complete atomization of the 
cooling water is assured by controlling its flow at the spray 
nozzle, across which pressure drop is held constant. Intimate 
contact of water and steam is at point of greatest turbulence 


in mixing chamber. Write for descriptive Bulletin 405-A. 


NORTHERN EQUIPMENT COMPANY 
106 GROVE DRIVE, ERIE, PA. 

BRANCH PLANTS: Canada, England, France and Austria, 
Representatives Every where 


Boiler Feed Water Control . . . Excess or 
Constant Pressure Control, Steam or Water 
..» Liquid Level Control ... Balanced Valves 
. . » Desuperheaters . . . Boiler Steam Tem- 
perature Control... Hi-Low Water Alarms. 
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Utility Production 


Except for a brief period last fall, weekly peak de- 
mands for electric energy in 1949 were well above those 
of the corresponding weeks of 1948; and the total out- 
put of approximately 291 billion kilowatt-hours, as esti- 
mated by the Edison Electric Institute, was some three 
per cent above that of the preceding year, despite an 
apparent mild recession in some industrial lines. 

The utility industry is now in a much better position 
to meet increasing demands than it was a year ago, for 
during 1949 nearly seven million kilowatts of generating 
capacity was installed and the average reserve has been 
more than doubled to a present figure of nearly twelve 
per cent. Furthermore, some five million kilowatts of 
additional capacity is scheduled for installation during 
the current year. 

It is significant that 1949 marked a substantial shift 
from coal burning to oil and gas as fuel for utility boilers, 
coal having dropped from 54 per cent to 46.5 per cent. 
The permanency of this shift is likely to depend to a 
large extent upon the future actions of Mr. Lewis. 

Still another point worth noting at this time is the fact 
that total fuel costs appear to have been somewhat less, 
despite increased output, thus reflecting the increased 
efficiency of the new stations, with their large units and 
higher steam conditions, that went into service during 
the year. This should be still more apparent during the 
present year with the commissioning of other new sta- 
tions, particularly those employing the reheat cycle. 

From the production standpoint, the utility outlook 
would appear most promising. 


Another Year at Port Washington 


In its January issue, for some years past, COMBUSTION 
has been privileged to report the preceding year’s per- 
formance of Port Washington Station of the Wisconsin 
Electric Power Company. 

This station, when designed nearly twenty years ago, 
incorporated a number of features far in advance of con- 
temporary practice. Chief among these was employ- 
ment of a single large boiler per turbine and very low 
furnace heat release rates. It also employed the reheat 
cycle in conjunction with the unit arrangement of 
boiler and turbine, and steam conditions of 1390 psi, 825 
F. That these, together with several other features, all 
of a conservative nature, were sound is attested by the 
outstanding performance achieved by the station during 
its fourteen years of service, for it was not placed in 
regular service until near the end of 1935, due to de- 
ferred construction during the early depression years. 
In view of this performance, each succeeding extension 
has practically duplicated the first, except that the fifth 
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unit, now building, will employ somewhat higher pres- 
sure and steam temperature. 

It will be noted from the tables that the overall plant 
performance during 1949 differed little from that of the 
preceding year, although the fourth unit which has been 
in service four months showed a net heat rate under ten 
thousand Btu per kilowatt-hour. This should be bettered 
by the fifth unit because of the higher steam conditions. 

With a use factor of nearly 95 per cent during 1949, 
Port Washington showed a demand availability of 95.6 for 
boilers and 95.2 for turbines. Forced outage has been 
low. 

It is a tribute to those responsible for the basic design 
that this station is able to hold its front rank place with 
the latest post-war stations. In fact, it is doubtful 
whether any coal-burning steam station in this country 
or abroad has yet equaled its record on the basis of over- 
all complete station performance for a full year. 


The Creative Realm of Engineering 


A few years ago the late A. R. Stevenson, Jr., inspired 
a series of discussions before the A.S.M.E. on the im- 
portance of ingenuity, intuition and creative ability in 
the engineering profession. These were reprinted in 
July 1944 under the title “Creative Engineering’ and 
together with an article by William H. Easton entitled 
“Creative Thinking and How to Develop It’’ provide a 
valuable reference for a phase of engineering that has re- 
ceived less attention than it deserves. 

E. G. Bailey has rendered a distinct service in renew- 
ing interest along similar lines through the James Clay- 
ton Lecture entitled ‘Inventing and Sifting Out Engi- 
neering Facts,” before the Institution of Mechanical 
Engineers in London, excerpts from which are included 
in this issue. As one who has made notable contribu- 
tions to the steam power field, he is particularly qualified 
to analyze the incentives and techniques of the inventive 
process. 

In any consideration of invention and creativity two 
factors that constantly come to mind are the importance 
of imagination and intuition and the necessity for hard 
work. Logical thinking has its limitations which can be 
surmounted by men of vision who have the ability to com- 
bine intuition and reason to create innovations and in- 
ventions. But this process is not a simple one for it re- 
quires almost unceasing mental effort. In the words of 
Mr. Bailey, “Invention and a 40-hour work week are 
strangers.” 

Engineering is an art as well as a science. There is 
danger that the ever-increasing complexity of technology 
may obscure the human qualities which have contrib- 
uted to past technical advances. More attention should 
be given to the encouragement and development of in- 
genuity and creativity, both during formal college train- 
ing and in the early years of engineering employment. 


29 





Gilbert Extension Cross-Connects 


Conventional Steam Generator 
With Two Reheat Boilers 


By T. Y. Mullen, Sponsor Engineer 


Gilbert Associates, Inc. 


The extension includes a 60,000-kw Pre- 
ferred Standard turbine-generator supplied 
with steam at 1250 psig, 950 F by a 650,000- 
lb-per-hr pulverized-coal-fired steam gen- 
erating unit of conventionaldesign. Thisis 
cross-connected, through a desuperheating 
station, with two existing 1250-psig, 750-F 
reheat boilers serving a 55,000-kw turbine- 
generator. How this was accomplished is 
described. The overall cost of the plant ex- 
tension, including substation equipment, 
was approximately $170 per kw. 


of the New Jersey Power and Light Company was 

started in 1941. The original plans called for the 
installation of two 200,000-Ib per hr, 850-psig, 875-F 
boilers and one 35,000/43,750-kw straight condensing 
turbine-generator with no cross-connections between the 
existing plant and the proposed extension. Orders were 
placed for the major pieces of equipment on this basis. 

Outbreak of the Second World War resulted in dis- 
continuance of this project when a priority for materials 
was not granted by the War Production Board which then 
had jurisdiction over such matters. 

This project was reopened at the close of the war and 
new studies were made by Gilbert Associates, Inc., to 
determine the relative merits of a single boiler versus a 
two-boiler installation; the advisability of burning an- 
thracite on traveling grate stokers, or pulverized an- 


| )stehe of the new extension to the Gilbert Station 


Gilbert Station showing extension with tall stack 
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thracite versus pulverized bituminous coal; and the rela- 
tive merits of higher pressures and temperatures as op- 
posed to 850 psig, 875 F total steam temperature, which 
were the original design conditions. 

These studies indicated that availabilities of conserva- 
tively designed modern steam generators very closely 
approximate those of turbine-generators, and that over- 
all economy could be achieved by a single-boiler, single- 
turbine installation. They also showed that, although 
stoker-fired anthracite would result in the lowest operat- 
ing and installation cost, the supply of low-cost stoker 
sizes of anthracite would be exhausted in this area within 
approximately seven years of the date of initial operation 
of the new extension. It would therefore be necessary to 
design these boilers to make them readily convertible 
to spreader-stoker firing to permit the use of bituminous 
coal at the end of that period. Estimated costs for con- 
version of these units to spreader-stoker firing, plus al- 


fix the initial steam conditions at 1250 psig and 950 F 
total steam temperature. 


Units in Original Plant 


The existing boilers at this station were two 250,000- 
Ib per hr, 1250-psig, 750-F units with reheat to 750 F, 
operating in parallel to serve one 55,000-kw cross-com- 
pound reheat turbine-generator. These furnaces are 
primarily water-cooled but contain sections of refractory 
settings. Serious difficulties had been encountered dur- 
ing the war years and immediately thereafter, due to the 
accumulation of slag on these refractory sections as a re- 
sult of the poorer grades of coal which it was necessary to 
burn at that time. 

Studies of costs involved in changing of these furnaces 
to complete water-cooling, and the contingent cost of 
loss of generating capacity during the extensive change- 
over periods, indicated that these revisions were not 
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Plan at turbine room elevation 


lowances for loss of generating capacity during the 
period of change-over, showed that these costs would ap- 
proximately ‘‘break even’’ with the estimated savings of 
the seven-year anthracite-firing period. 


Pulverized Anthracite vs. Bituminous Coal 


Pulverized anthracite did not appear economical at 
this plant due to the increase in furnace volume and con- 
sequent building volume required, the higher initial cost 
of major boiler-room equipment, the increased power 
consumption of the pulverizers, the lower boiler avail- 
ability of units whose records were obtainable, the diffi- 
culties to be encountered in the handling and storing of 
the small anthracite sizes and maintaining two separate 
fuel storage piles, and the limited area and number of 
sources from which a reliable, long-term supply of low- 
cost anthracite fuel could be obtained. Therefore, 
pulverized bituminous coal was selected. 

The rapidly increasing cost of all available fuels de- 
livered at the Gilbert Station resulted in the decision to 
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economical at this time. It was, therefore, decided to 
increase the capacity of the new steam generator by 
100,000-Ib per hr and to cross-connect the new and ex- 
isting main steam headers through a non-return valve 
and a desuperheating station. The old boilers would 
then be normally operated at loads of 200,000-Ib per hr, 
which rating they had previously proved capable of 
maintaining with poor coal, without excessive slagging. 
The additional 100,000 Ib of steam per hour required 
for the 55,000-kw turbine-generator was to be supplied 
by the new steam generator. 

The new steam generator was ordered as a 460,000-Ib 
per hr, 1250-psig, 950-F unit. A 40,000/44,000-kw, 1250- 
psig, 950-F Preferred Standard turbine-generator and a 
100,000-Ib per hr, 1250-psig, 950/750-F desuperheating 
station were ordered to be served by this steam gen- 
erator. 

Load growth on the New Jersey Power and Light 
System and that of other companies in the neighboring 
territories was considerably ahead of normal anticipated 
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growth; hence the quickest way to increase the in- 
stalled capacity in this area was to increase the size of the 
unit on order for Gilbert Station. Checks with manu- 
facturers of the major equipment disclosed that the shop 
work had not progressed to such an extent as to prevent 
making this change without delaying shipment. There- 
fore, the steam generator capacity was increased to 
650,000-lb per hr, and the turbine-generator was changed 
to a 60,000/66,000-kw, 1250-psig, 950-F Preferred Stand- 
ard unit. The desuperheating station remained un- 
changed. This is the equipment that was finally installed 
in the new plant extension. 

The decision to cross-connect a straight condensing 
cycle, with a reheat cycle comprising two reheat boilers 


heaters to do any work. This condition makes it possible 
to operate the reheat boilers at reduced ratings; to put 
100,000 Ib of steam per hour from the new steam gen. 
erator, together with the superheated steam output from 
the old boilers, through the high-pressure cylinder of the 
reheat turbine; and then pass all of the throttle steam 
for the low-pressure turbine through the reheaters with. 
out effecting a reheater pressure drop any greater than 
normally encountered at full rated reheat boiler load. 
By utilizing the steam reheaters, the low-pressure turbine 
throttle temperature can be maintained at 750 F without 
upsetting the heat balance of the reheat boilers. 

A bypass valve has been installed around the reheaters 
to permit bypassing some of the steam, when steam is 
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Basement plan 


serving a single turbine-generator was reached only 
after careful consideration of the design and operating 
problems involved. 


Problems of Cross-Connection 


One of the most generally accepted practices for de- 
signing new reheat turbine-generator installations is that 
of adhering strictly to a single-boiler, single-turbine ar- 
rangement. This is based primarily upon the operating 
difficulties involved in bringing the second reheat boiler 
on the line, without burning up the superheater or re- 
heater and without wasting excessive steam through 
blowoffs and drains. It also results from the problem 
presented in balancing the flow from the exhaust of the 
high-pressure turbine cylinder in proportion to the re- 
spective firing rate of each boiler feeding steam to that 
turbine. The unit system design was not used on the 
original installation at the Gilbert Station, however, and 
a three-port flow control valve is installed to regulate the 
steam flow to the reheaters. 

Each of the existing boilers is equipped with a steam 
reheater and a gas reheater arranged in series. The 
steam temperatures leaving the gas reheaters have always 
been sufficiently high as not to require the steam re- 
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being fed from the new boiler to the old high-pressure 
turbine, at a time when only one of the reheat boilers is 
in service. 

The steam passes directly from the new main steam 
header through a desuperheating station to the old main 
steam header. The two turbines are designed for the 
same throttle pressure and the pressure drop through the 
desuperheating station must therefore be a minimum. 
This condition makes it necessary for the new boiler to 
operate in parallel with the reheat boilers. The combus- 
tion control equipment on both the new and the old units 
must have maximum sensitivity in order to keep the new 
steam generator from carrying all the load. The combus- 
tion control equipment for the existing boilers was, there- 
fore, modernized to increase its speed of response. In 
addition, the slight operating pressure differential be- 
tween the new and the existing steam header presented a 
problem of controlling the rate of flow of steam from the 
new station to the old one. A front setter was accord- 
ingly installed on the master controller for the new steam 
generator to permit the operator to vary his new header 
pressure as required to maintain the desired steam flow to 
the old steam header. 

The condensate leaving the old condenser flows to the 
deaerating heater through a surge tank and a float valve 
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Sectional elevation through plant extension 
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with the excess flowing to the condensate storage tank. 
This flow to the storage tanks represents primarily the 
flow of steam from the new boiler to the old turbine, and 
is transferred by the condensate transfer pumps through 
a float valve to the new deaerating heater. The deaerat- 
ing heater and the three high-pressure heaters for the 
new station are designed to heat 100,000 Ib of conden- 
sate per hour from the old cycle in addition to all of the 
condensate for the new turbine cycle. 


New Plant Equipment 


The new plant contains one 650,000-Ib per hr, 1250- 
psig, 950-F Combustion Engineering-Superheater tan- 
gentially-fired, pulverized-bituminous-coal-fired steam 





0@ 








inghouse impulse turbine supplied with steam at 1259 
psig, 750 F and exhausting at pressures varying from 10 
in. Hg abs. to 15 psig; three Foster Wheeler high-pres- 
sure closed feedwater heaters each equipped with an inte. 
gral drain cooler; and one Copes, two-element, remote 
manual or automatic feedwater regulator. 

The circulating water for the new extension is taken 
from the Delaware River and passes through a new 
screen house where it is screened and chlorinated before 
passing to two 24,250-gpm horizontal Ingersoll-Rand 
centrifugal circulating pumps. The screen house is 
equipped with a Link-Belt mechanical trash rake to re- 
move large pieces of material before the water passes to 
two Chain Belt four-post screens. 
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generator; a 60,000/66,000-kw, 1250-psig, 950-F Pre- 


ferred Standard General Electric turbine-generator, 
served by a 50,000-sq. ft., twin, two-pass Ingersoll-Rand 
surface condenser equipped with divided water boxes and 
two MacNeill reversing valves; two 1000-gpm horizon- 
tal centrifugal condensate pumps; one low-pressure Fos- 
ter Wheeler closed feedwater heater equipped with an in- 
tegral drain cooler; one twin element, two-stage air 
ejector unit mounted on a separate surface inter and af- 
ter condenser; one 650,000-Ilb per hr Elliott floating- 
type deaerating heater equipped with stainless steel 
trays; three 765-gpm Ingersoll-Rand boiler feed pumps, 
two motor-driven and one dual-driven by a motor on one 
end and through a Rawson spring-controlled spacer coup- 
ling on the other end from an 1100-hp, 3600-rpm West- 
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Heat balance diagram 


Coal enters the plant property by railroad and is either 
stocked by use of a skip hoist and drag scraper, or it is 
delivered to two car hoppers in the track hopper house. 
A Robbins car shake-out is used to vibrate the cars when 
unloading, and two sets of Hauck thawing pits have been 
installed to assist in handling frozen coal. The two track 
hoppers feed separate inclined Link-Belt conveyor belts 
having a capacity of 150 tons per hour each. These two 
belts feed a 300-ton per hr Bradford breaker which re- 
duces the size of the coal to 1'/, in. and under. The coal 
is discharged from the Bradford breaker to two 150-ton 
per hr inclined belts equipped with magnetic pulleys and 
weightometers. These two belts discharge to a 300-ton 
per hr belt equipped with a tripper serving the raw-coal 
bunkers in the old portion of the plant, or to an inclined 
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cross belt which feeds the horizontal belt with tripper over 
the 1400-ton capacity raw coal bunker serving the new 
steam generator. The tops of the raw-coal bunkers in 
both the new and the old sections of the plant have Link- 
Belt seals to minimize coal dust in the bunker rooms. 
The new raw coal bunker is fabricated of */s-in. steel 
plate lined with 2 in. of gunite to within 6 ft of each of its 
four 18-in. square outlets. The bottom 6 ft of each 
bunker is fabricated of monel-clad steel plate to minimize 
coal arching, to reduce wear due to abrasion, and to pre- 
vent corrosion due to weak sulfuric acid formed by mois- 
ture and sulfur in the coal. 

The bunker has been designed with one vertical side 
continuing down to the outlet of each of the four pockets 
to prevent arching and rat-holing and to make the bunker 
self-cleaning. The four bunker outlets discharge through 
four downspouts to four C-E floor-type feeders equipped 
with Speedtrol drives. These downspouts are 18 in. 
square at the top, have vertical centerlines and taper to 
22 in. square at the bottom to facilitate coal flow and 
minimize sticking and packing in the spouts. The feed- 
ers discharge through vertical spouts to four C-E Ray- 
mond bowl mills, each having a nominal capacity of 
16,450 Ib per hr of 55 Hardgrove grindability, 10-per cent 
moisture content, coal ground to 80 per cent through 200- 
mesh screens. Each pulverizer is equipped with an ex- 
hauster which discharges to one burner in each of the 
four corners of the furnace. 

Ash is collected in a flooded hopper below the furnace 
and sluiced to an ash pit immediately adjacent to the ash 
hopper. The ash passes through a clinker grinder and is 
then pumped to a settling area by either of two Allen- 
Sherman-Hoff ‘‘Hydroseal’’ ash pumps. Fly ash is col- 
lected in an Aerotec tubular-type dust collector. The 
dust is continuously removed from the two hoppers un- 
der the last pass of the steam generator and from the two 
hoppers below the boiler by four ‘‘Hydromix”’ valves and 
then flows by gravity to the ash-settling area. 

Air for combustion is taken from the top of the boiler 
room or from the outside atmosphere by two Sturtevant 
forced-draft fans and delivered to two Ljungstrom re- 
generative-type air pre-heaters before passing to the pul- 
verizers and the windboxes. Each forced-draft fan has a 
capacity of 100,000 cfm of 100-F air at a static pressure of 
12.6 in. of water, is direct connected to a 350-hp, 1200- 
tpm motor and is inlet-vane controlled. 

Hot gases are removed from the furnace and econo- 
mizer through the dust collector and the two air pre-heat- 
ers and delivered to two 40-ft gunite-lined steel stacks by 
two Sturtevant induced-draft fans, each equipped with a 
double-extended shaft and direct-connected to an 800- 
hp, 900-rpm motor on one end and to a 250-hp, 600-rpm 
motor on the other end. Each induced-draft fan has a 
capacity of 192,000 cfm of 315 F gas at a static pressure 
of 16.9 in. of water at SSO rpm and a capacity of 127,000 
cfm of 273 F gas at a static pressure of 7.4 in. of water at 
585 rpm. 

Makeup water for the entire station is pumped from 
the Delaware River to settling basins before entering 
gravity-type filters. The filtered water to be used for 
makeup is then pumped through zeolite softeners to two 
evaporators. One evaporator serves the original turbine 
cycle and another evaporator serves the new cycle. Both 
discharge their vapor to their respective deaerating heat- 
ers. The cross-connecting of the two turbine cycles 
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makes it possible for either evaporator to serve both 
units. The new Lummus evaporator is equipped with an 
integral deaerating heater to pre-heat and deaerate the 
softened water entering the evaporator, and with a reflux 
condenser and bubble tray to wash the leaving vapor. 

The power plant extension group includes an extension 
to the main building, housing one 60,000-kw turbine- 
generator, one 650,000-Ib per hr steam generator, and all 
auxiliary equipment; an extension to the turbine oper- 
ating floor for a 13,800-volt switchgear room, and a new 
screen house to serve the new unit and cross-connected 
with the screen house serving the old unit. 

The design of all buildings includes reinforced con- 
crete foundations, structural steel framing and asbestos 
siding. The original plant is brick. 

The overall cost of the plant extension including sub- 
station equipment was approximately $10,600,000, or 
about $176 per kilowatt of new capacity added. It is es- 
timated that approximately $200,000 was saved through 
the use of asbestos siding in place of brick walls. 

Gilbert Associates, Inc., Reading, Pa., were the engi- 
neers for the project and L. H. Focht & Son, Inc., were 
the general contractors. The new turbine-generator was 
placed in commercial operation on November 1, 1949. 


Boiler Casing Panel Puller 


Boiler casings may be removed quickly and easily 
without the damage usually associated with that opera- 
tion by means of a panel puller devised by Earl Bentley 
of the Service and Erection Department of Combustion 
Engineering-Superheater, Inc. The tool is simple in 
construction, easy to operate, and extremely rugged, and 
it enables panel removal with a minimum of defacement 
to any gaskets and brickwork that may be involved. 

Components of the tool include two similar arms, a 
sliding clip, and a hand-operated screw. Operation of 
the hand screw causes the arms to move relative to one 
another, thereby effecting panel removal. The sliding 
clip permits disassembly of the tool into two parts, mak- 
ing possible application of tool to the flanged panel being 
removed. On each of the arms there are pins which 
match bolt-hole spacing and provide means of attaching 
the arms to the panel flange. 











Sketch of casing puller 
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Field Welding H.-P 


HIS sequence of eight photos shows the actual steps 
in welding and stress-relieving an alloy-steel pipe 
to a cast-steel gate valve in the South Meadow Station of 
Hartford Electric Light Co. Welding specialists of 
M. W. Kellogg Co., Inc., are seen field erecting the 
chrome-molybdenum piping for the main boiler-turbine 
steam header on Unit No. 6, which operates under throttle 
conditions of 850 psig, 900 F. The procedure is repre- 
sentative of the welding and heat-treating sequence 
used in numerous installations, and currently applicable 
to alloy piping for steam conditions as high as 2000 psig 
and 1050 F. 

Fig. | shows the final lining up and spacing of a section 
of alloy pipe of A.S.T.M. designation A-280 and a cast- 
steel valve. The backing ring at the bottom of the 
groove is seamless and machined to very close limits. 
In the shop it is attached to the inside of the pipe by 
means of welding in a close-tolerance, machined counter- 
bore. The welding inspector is using a standard spacer 
plug to check the space at the bottom of the groove. 

The band appearing on the left of Fig. 1 is made of 
carbon steel and is welded to the outside of the pipe. It 
is used to identify the pipe, to designate such inspections 
as may be made, and to record the welders who make 
the weld at this point. An additional function is for 
attaching a protecting head on the end of the pipe for 
shipment. Elimination of stenciling and tack welding 
on the pipe by use of this protective band prevents the 
formation of localized surface stress concentrations. 

Attachment of thermocouples and binding of leads is 
shown in Fig. 2. These are used to determine the tem- 
perature of the joint during the pre-heating, concurrent 
heating and stress-relieving operations. The asbestos 
blankets protect the thermocouple leads from the heat 
produced by induction heating. 
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-T. Alloy-Steel Piping 


Fig. 3 shows welders installing additional asbestos 
blankets to protect the electrical cables which are to be 
wrapped around the pipe for induction heating. 

As indicated in Fig. 4, 500,000 cir-mil insulated cables 
are wrapped around the pipe for induction pre-heating 
and stress relieving. Here two separate 40-kva trans- 
formers furnish the power. 

Nearly eight hours are required to make this weld, 
although the time element varies with pipe thickness. 
Fig. 5 shows the first bead being welded in by the two 
welders working on both sides of the joint. The welding 
inspector is closely watching the laying in of this bead (hex “a 

‘ 3 
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tion which is possibly the most important part of the weld. 
ast- Complete fusion of the ends of the pipe and valve must be 
the made and penetration into the backing ring obtained. 
‘its. Succeeding weld layers are applied as shown in Fig. 6. 
The welders work from the bottom of the pipe to the top. 
The slag deposit on the top of the bead being laid in 
may be seen in Fig. 7. 
Fig. S shows the chipper cleaning the slag off. this 
layer and preparing the surface of the weld metal for the 
laying in of the next bead. 


ions The two curves at the top of the page are reproduc- 
ake tions, reading from right to left, of sections from a pyrom- 


for eter chart which recorded temperatures during the 
» for welding process, i.e. pre-heat, concurrent heat and the 
post-heat or stress-relieving stages. Five thermocouples 

are mounted on the pipe and a sixth serves as a reference 

base. The heating rate is 400 deg F per hr, and when a 
temperature of 1300 F is reached the temperature is held 

constant for two hours, after which the weld is allowed to 

cool to room conditions at a rate of 200 deg F per hr. 

The chart shows the uniformity of heating and cooling 

heat as well as the maintenance of constant temperature over 

, extended periods, the result of extensive experience. 


Photos by Dave Henderson through courtesy of The M. W. Kellogg Company, Inc 
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Goetze V-Tite Gaskets for ring-type joint flanges 


One sure way to tell quality in a gasket 
designed for ring-joint flanges is to check 
the hardness. In Goetze V-Tites, carefully 
controlled heat treatment during fabrica- 
tion keeps hardness down to a minimum. 
The hardness of a Goetze soft iron V-Tite 
Gasket, for example, does not exceed 90 
Brinell. 

And because each gasket is uniformly 
“soft”? throughout (you’ll find no hard 
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spots in a Goetze V-Tite), proper flow or 
seating of the gasket, without damage to 
flange surfaces and with minimum bolt 
stresses, is always assured. 

Dimensional accuracy is also important 
in a ring-type gasket. Here, too, Goetze 
V-Tites meet high precision standards. 
They-are of uniform height all around... 
free of warpage . . . have the same center- 
to-center measurements top and bottom 


. .. other tolerances are well within API 
and ASA specifications to assure a per- 
fect fit in the flange grooves. 

In addition to soft iron, Goetze V-Tite 
Gaskets are made in a number of alloys 
in all standard ASA and API shapes and 
sizes. Gaskets of special dimensions are 
also available. For further details, write 
for Catalog PK-35A. Johns-Manville, 
Box 290, New York 16, N. Y. 





Johns-Manville $<Ze Gaskets 


THERE’S A JOHNS-MANVILLE PACKING OR GASKET FOR EVERY SERVICE 
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Possibilities of The 


Regenerative Steam Cycle at 
Temperatures up to 1600 F 


In this paper, which was presented at the 
recent A.S.M.E. Annual Meeting, the 
authors calculate the gains for both the 
theoretical cycle and for the practical cycle 
wherein such losses as extraction-piping 
pressure drop, heater terminal tempera- 
ture differences, etc., are considered. 
An economic evaluation of the anticipated 
turbine heat-rate differences for various 
throttle conditions is presented, and com- 
parison is made of heat-rate gains due to 
higher steam temperatures with those pos- 
sible through resuperheating. 


HE use of steam for electric power generation has 

been characterized by a fairly steady increase in 

steam temperature, which has made possible steady 
gains in thermal efficiency. The increase in maximum 
steam temperatures in power plants constructed during 
the last 45 years is shown in Fig. 1. This shows that the 
temperature has increased an average of 12 deg per year, 
but during the last 20 years temperatures have increased 
faster than this average. 


Theoretical Possibilities at Higher Temperatures 


Selvey and Knowlton' showed theoretical regenerative 
steam-cycle heat rates for temperatures up to 1200 F and 
pressures up to 3200 psia. To facilitate a comparison 
over a wide range of pressure-temperature conditions, 
these data have been extended herein to 1600 F over the 
higher range of pressures, using the same theoretical 
cycle. As stated in the Selvey and Knowlton paper, the 


! “Theoretical Regenerative Steam-Cycle Heat Rates,"’ by A. M. Selvey and 
P. H. Knowlton, A.S.M.E. Trans.,vol. 66, August 1944 
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By P. H. KNOWLTON* 
and R. W. HARTWELL} 


heat rates are for a regenerative-steam cycle of the follow- 
ing component parts: 

l. A turbine, having no mechanical losses, through 
which steam is expanded at constant entropy (engine 
efficiency is 100 per cent). 

2. Aregenerative feedwater system having an infinite 
number of bled-steam heaters heating to the saturation 
temperature corresponding to the throttle-steam pres- 
sure, and with zero terminal difference between the 
saturation temperature of the bled steam and the tem- 
perature of the feedwater leaving the heater, even when 
superheat is present in bled steam, and an attendant feed 
pump of 100 per cent efficiency with each heater to step 
up the feedwater pressure to the level of the next heater. 

3. An electric generator of 100 per cent efficiency, 
which supplies, without line loss, the boiler feed pumps. 

4. A steam generator of 100 per cent efficiency, in 
which blowdown, soot-blowing losses, etc., are zero. 
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Fig. 2—Theoretical regenerative steam-cycle heat rates 


Since energy required to drive fans, fuel equipment, 
general services, etc., is considered zero in a theoretical 
cycle, auxiliary-power usage other than that required for 
the boiler feed pumps, as in Item (2), is not included. 

The theoretical heat rates are presented by the curves 
in Fig. 2. This information shows that there is a steady 


* Turbine Engineering Division, General Electric Company, Schenectady, 
N. V 


t Mechanical Engineering Division, The Detroit Edison Company 
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Fig. 3—Per cent change in theoretical-cycle heat rate vs. 
initial temperature. Base condition—1250 psia, 950 F and 
l in. Hg abs. exhaust pressure 


improvement in the theoretical cycle economy with 
higher steam temperatures, but that the rate of improve- 
ment diminishes as the temperatures are increased. 
Fig. 3 presents the theoretical heat rate gains on a per- 
centage basis with the 1250 psia, 950 F throttle condition 
as a base. These curves provide a means of comparing 
theoretical and practical heat rates. 


Practical Possibilities at Higher Temperatures 


Fig. 4 shows comparative per cent change in regenera- 
tive-cycle heat rates that are considered practical from 
the design and operating standpoints. These heat rate 
changes, computed for the same high-temperature and 
pressure range as was selected for the theoretical heat 
rate calculations, include the effects of such losses as ex- 
traction piping pressure drop, heater terminal tempera- 
ture differences, etc. From a specified heat rate for a 
particular turbine generator, the heat rate for any other 
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Fig. 4—Per cent change in practical-cycle heat rate vs. throt- 
tle temperature. Base condition—1250 psia, 950 F and 1 in. 
Hg abs. exhaust pressure 
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condition may be calculated with the data included in 
Fig. 4. 

As in Fig. 3, the base steam conditions chosen are 1250 
psia, 950 F. The per cent change in heat rate from this 
base condition to any other condition may therefore be 
read directly. If it is desired to obtain the correct dif- 
ference in heat rate between any other two sets of steam 
conditions, in terms of the heat rate at one of these con- 
ditions, the difference as read from Fig. 4 must be cor- 
rected for the change in base. For example, if one wishes 
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Fig. 5—Practical-cycle heater arrangement for heat rate 
calculations 


to get the difference between heat rates at 1450 psia, 
1250 F and at 1450 psia, 1000 F, in terms of the heat rate 
at 1450 psia, 1000 F, this difference is 


7.9% ines 2.4% 5.9 © 207 
= —— = .).6 ( 


| — (2.4/100) 0.976 
Practical Cycle Assumptions 


In making the calculations to arrive at the values 
plotted in Fig. 4, the following assumptions have been 
made: 

1. The cycle arrangement and associated apparatus 
have been assumed to be as shown in Fig. 5, which pre- 
sents the same arrangement as was used by Harris and 
White.? The present calculations have been extended 
to higher temperatures and pressures than those assumed 
by Harris and White and are based on somewhat lower 
feedwater temperatures. Power required to drive the 
boiler feed pump has been deducted from the generator 
terminal output. 

2. Turbine and generator efficiencies have been as- 
sumed to correspond to those obtained in present-day 


2 ‘Developments in Resuperheating in Steam Plants,’’ by E. E. Harris and 
A. O. White, A.S.M.E. Trans., vol. 71, No. 6, August 1949. 
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turbine-generators. The turbine-generator efficiency as- 
sumptions correspond to those made by Warren and 
Knowlton.* This implies that at temperatures above 
present-day levels, new features of turbine design, or new 
materials, or both, must be developed if the general level 
of efficiency obtained in the past is to be maintained. 

3. The exhaust loss from the turbine has been as- 
sumed to be a constant fraction of the turbine power out- 
put for all steam conditions. 

!. It is assumed that the turbine-generator output is 
about 100,000 kw. This must be borne in mind par- 
ticularly when comparing the heat rates at various initial 
pressures, since turbines of smaller capacities than 
100,000 kw probably would show poorer relative per- 
formance at the higher pressures. 

Throttle and condenser steam rates, based on the 
practical cycle assumptions, have been computed to 
indicate the relative size of the generating equipment. 
The throttle and condenser steam rates are presented in 
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Fig. 6—Throttle steam rate vs. throttle steam temperature, 
l in. Hg abs. exhaust pressure 


Figs. 6 and 7, respectively. These are shown on the 
basis of the generator terminal output, whereas the heat- 
rate change curves, Fig. 4, show the net change after 
deduction of boiler feed pump power from the generator 
terminal output. 


Heat Rate Difference Evaluation 


In considering the merits of one steam condition over 
another, it is desirable to evaluate the anticipated differ- 
ence in heat rates. Because the practical heat rates 
represent results which at present appear possible at the 
higher steam conditions, these anticipated heat rates 
were used in this evaluaton rather than the theoretical 
heat rates. 

The basic factors included in this evaluation are the 
cost of fuel, load characteristics, auxiliary pewer require- 


; “Relative Engine Efficiencies Realizable From Large Modern Steam- 
lurbine-Generator Units,"’ by G. B. Warren and P. H. Knowlton, A.S.M.E 
Trans., vol. 63, February 1941 
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Fig. 7—Condenser steam rate vs. throttle temperature 


ments, boiler efficiency, turbine heat rates and annual 
fixed charges on plant investment. The table presents 
the results of an evaluation of heat-rate differences 
wherein a base condition of 1250 psia, 950 F has been 
used for comparing all the other conditions. The figures 
shown represent the additional investment in dollars 
over the cost of 100,000 kw of 1250-psia, 950-F capacity 
that is justified by the differences in heat rates. In com- 
puting the data it was assumed that plant availability 
and operating and maintenance personnel would be the 
same in all cases. No attempt was made to allow for 
possible differences in the extent of maintenance re- 
quired. 

Cost or Fue: A 10-cent to 35-cent per million Btu 
fuel cost range has been covered in the evaluation. 

Loap CHARACTERISTICS: An annual plant factor 
variation from 50 to 80 per cent has been included, the 
annual plant factor being the ratio of the kilowatt-hours 
generated on the machine in a year to the product of the 
kilowatt nameplate rating times 8760. 

AUXILIARY POWER REQUIREMENTS: The following 
types of pulverized-coal-fired boilers were assumed in 
computing fan and mill power requirements. 

(a) For throttle pressures up to an including 2000 psia 

natural circulation boilers. 

(6) For 2500 psia throttle pressure—“Steamotive’”’ cycle 
boilers with recirculating pumps which handle 130 per 
cent of steam flow. 

(c) For 3000 psia throttle pressure—once-through 
forced-circulation boilers. 
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Fig. 8—Relative exhaust loss vs. throttle temperature 
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Allowances for miscellaneous auxiliary power demands 
were included in all cases. 

BOILER Erricrency: A boiler manufacturer indicated 
that even with feedwater temperatures approaching 600 
F on these high-pressure high-temperature boilers, the 
exit gas temperature could be held to about 300 F. 
Assuming pulverized-coal-fired boilers operating with an 
average grade of coal, it was estimated that boiler effi- 
ciencies would vary from 87.7 to 88.8 per cent, depending 
upon the feedwater temperature. 

TURBINE Heat Rates: Turbine heat rate differences 
represented in Fig. 4, which are based on the practical 
values, were used in the evaluation. 

ANNUAL FIxep CHARGES: An annual fixed charge 
rate of 10 per cent was assumed in computing the justi- 
fied additional investments. The investment figures 
shown in the table may be adjusted for fixed charge rates. 


High Steam Temperature Vs. Resuperheating 


It is of interest to compare the heat rate gains due to 
higher steam temperatures with those made possible by 
resuperheating. An approximate comparison may be 
made directly by comparing gains shown in Fig. 4 of this 
paper with various charts by Harris and White, and by 
Reynolds.‘ These two references do not exactly agree 
on the gain due to reheat, presumably due to differences 
in the assumptions made by the authors in setting up 
their calculations. 

The assumptions made by Harris and White differ 
from those made in this paper on two points: 

1. The boiler-feed temperatures are lower in the 
present case than were assumed by Harris and White. 
This makes a minor change in the gain due to reheat. 

2. The heat rate gains in the present Fig. 4 are on the 
basis of a fixed percentage exhaust loss, whereas Harris 
and White assumed, in calculating their reheat gain, 
that there non-reheat machines had a 4.5 per cent ex- 
haust loss and their reheat machine a lesser exhaust loss 
obtainable from keeping the same exhaust-end size and 
the same rating for their reheat turbine. The assump- 
tions made by Reynolds regarding the exhaust loss as 
between reheat and non-reheat are not: stated. 

It is possible in the present case to show the effect of 
considering either of two cases: 

(a) The use of a constant percentage exhaust loss, regard- 
less of throttle steam conditions. In this case, as we 
proceed to higher throttle temperatures, the exhaust size 
per unit rating decreases, and the gains expected are as 
shown in Fig. 4. 

(6) The use of a constant size of exhaust per untt rating, 
regardless of throttle steam conditions. In this case, the 
percentage exhaust loss decreases when throttle tempera- 
ture increases, and a further gain results from this, over 
and above the gains indicated in Fig.4. The magnitude 
of this change in exhaust loss can be calculated by the use 
of Fig. 8, if the exhaust loss at a base condition is known. 
For any two sets of steam conditions shown on Fig. 8, the 
ratio of exhaust loss percentage is the ratio of the ordi- 
nates therein. An example will illustrate: 

Assume a base condition of 1450 psia, 1000 F, and com- 
pare heat rate gains due to: (1) Reheat to 1000 F at 450 
psia reheat pressure; (2) raising throttle temperature to 
1250 F, non-reheat. 


‘“Reheating in Steam Turbines,”’ by R. L. Reynolds, A.S.M.E. Trans., 
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The answer to (1) can be read from Harris and White 
(Fig. 11) as 5.2 per cent gain due to reheat, on the basis 
of constant exhaust size per unit rating. 

The answer to (2) is given here in two pafts, corre- 
sponding to the foregoing Items (a) and (0): 

(a) For constant percentage exhaust loss from Fig. 4, 
the gain at 1450 psia, 1000 F is 2.4 per cent and at 1450 
psia, 1250 F itis 7.9%. This gives a net gain of 

dod. 5.6 per cent 
1 — 0.024 


(6) For constant size of exhaust per unit rating, the 
relative exhaust loss factors from Fig. 8 are as follows: 


1450 psia, 1000 F............ 
1450 psia, 1250 F..... 


.0.89 
. 0.66 


Revised exhaust loss percentage from the assumed 4.5 
per cent is 
4.5 X 0.66/0.89 = 3.4 per cent 


Additional heat rate gain due to exhaust loss correction 
is 
4.5 — 3.4 = 1.1 per cent 
Total gain due to temperature increase is 
5.6 + 1.1 = 6.7 per cent 


It will be noted that the additional gain due to a 
change in the exhaust loss with fixed exhaust size de- 
pends directly upon the magnitude of the exhaust loss 
itself. 

In comparing heat rate gains due to higher steam tem- 
peratures with those made possible by resuperheating as 
presented by Harris and White, an exact evaluation 
should include the exhaust loss correction described in 
Item (5). 


Conclusion 


The curves for practical performance in Fig. 4 exhibit 
trends similar to those for the theoretical performance in 
Fig. 3. However, it will be seen that the practical cycle 
shows less improvement with increasing pressure, and 
more improvement with increasing temperature, than 
the theoretical cycle. This relationship results from the 
fact that the practical turbine loses in efficiency with 
increasing pressure, and gains in efficiency with increasing 
temperature, while the theoretical turbine is assumed to 
be always 100 per cent efficient. 

Use of steam temperatures in power plants above the 
present maximum of 1050 F will depend on the develop- 
ment of suitable materials for the higher temperatures, 
and on the design of acceptable equipment, particularly 
boilers and turbines, at a cost commensurate with the 
thermal gains to be realized. Since the costs of such 
materials and equipment are not presently available, this 
paper has presented only the total investment which 
could be justified on the basis of the thermal gains ex- 
pected at the higher steam conditions. 

The authors wish to express their appreciation for the 
advice and assistance of Mrs. Jean Harrison Higley and 
Mr. E. E. Harris of the General Electric Company, Mr. 
A. E. Raynor of the Babcock & Wilcox Company and 
Messrs. H. A. Wagner and H. S. Walker of The Detroit 
Edison Company. The data on steam in the foregoing 
calculations are from ‘“Thermodynamic Properties of 
Steam,”’ by Keenan and Keys. 
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%* One of your first steps in erasing these troubles 
which result from excessive smoke, should be the 
installation of a Bailey Smoke Density Recorder. 
This 24-hour recorder is not an ordinary photo-cell 
instrument. Instead it detects smoke density by a 
Bolometer which is simplv a sturdy tungsten fila- 
ment and a parabolic mirror, mounted in a standard 
sealed beam automobile head lamp housing. 


In using this simple, uniaue smoke detector, you do 
not have to provide cooling devices since the Bolo- 
meter is not harmed by high ambient temperatures. It 
is completely sealed against dirt and corrosive gases. 
Cleaning is simplified by infiltration of clean 
air and by use of the lamp housing lens as the only 


» PLANE OF SLOT PARALLEL 
TO PATH OF SMOKE 


Diagrammatic Installation of 
Bailey Smoke Density Recorder. 


LIGHT SOURCE 


SEALED BEAM 
PROJECTION SPOTLAMP 


1025 IVANHOE ROAD, CLEVELAND 10, OHIO 
BAILEY METER COMPANY LIMITED, MONTREAL, CANADA 





Here's How 


VIOLATION OF SMOKE ORDINANCE 





window between the Bolometer and the gas passage. 
It’s easy to secure and maintain alignment of the 
sealed beam light source with the Bolometer since 
they are mounted at opposite ends of a slotted pipe 
which extends across the smoke passage. 

For complete information on how you can profitably 
use this unique instrument to erase your smoke 
troubles, ask for Bulletin 211, “Bailey Smoke 
Density Recorder”. 


AMBIENT 
SEALED BEAM TEMPERATURE 
BOLOMETER COMPENSATOR 
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Starting of Unit No. 4 on August 25; 
correction of Unit No. 2’s high-pressure 
heater tube leaks; development of mul- 
tiple steam-heating of turbine cylinder 
bolts; burning of 50 per cent western 
Kentucky coal of 2040 F ash-fusion tem- 
perature; simultaneous outage of two 
units on two occasions after Unit No. 4 
operated (although the total forced outage 
time of all units for the year was only 0.5 
per cent); dismantling of turbines Nos. 1 
and 2 after 32,000 average operating hours 
each; zero radiant superheater and re- 
heater tubing replacements; and no screen 
tube corrosion experiences: these appear 
the high points of 1949 experiences. Dur- 
ing its first four months of operation Unit 
No. 4 averaged 9939 Btu per net kw hr. 


1949 PORT WASHINGTON 


Exterior view of Port Washington Station of four units 


EXPERIENCES 


ECAUSE turbine No. 4 at Port Washington Station 

of the Wisconsin Electric Power Company was 

ready for operation about two weeks before the 
boiler, it was tuned-up by using steam from boiler No. 3 
through two long auxiliary lines of only 1'/, in. inside 
diameter. Starting steam flow was minimized by estab- 
lishing full 29 in. vacuum before accelerating above turn- 
ing-gear speed, as permitted by employment of steam 
seals at all glands. The booster air-removal steam jet 
could not have been supplied while the turbine was at 
speed, which further urged early attainment of full vac- 
uum. Despite this seemingly small steam capacity to 
operate the turbine, the unit was run 10 per cent over- 
speed, with a reserve margin. Modern steam units re- 
quire surprisingly small steam flow to sustain rated 
speed. 

Thick steel tubes in the six high-pressure heaters of 
Unit No. 2 had caused much trouble due to leaks at the 
tube-sheet joints, because rolling and welding had not 
been tight, and leaks aiso occurred at high condensate 
velocity points because of ‘“‘smooth’’ corrosion. Re- 














Table 1 


OUTPUT AND ECONOMY DATA 





Unit Period Net Output Beteue/Kwehre 
Noe (Incl) 10° Kw-hr. Net 

1 1949 463-072 11,036 
193519 6, 2486275 10,852 
2 1949 4860479 10,722 
19439 3,1560472 10,603 
3 1949 562.288 10,087 
194849 679-839 10,089 
4 1949+ 184.113 9,939 
Plant 1949 1,695-951 10,510 


#Nove 22, Octe 27, Octe 5, and Auge 25 startings, respectively. 


placement with copper-nickel tubes while operating, by 
displacing each heater in turn with a feedwater bypass 


pipe, has regained high heat transfer and improved econ- 
omy almost 1 per cent, without experiencing any leak. 


A day’s outage time was saved by the simultaneous 


heating with saturated steam of groups of four high-pres- 


sure cylinder bolts while four adjacent ones were being 


prepared for heating. Steam pressure was raised in the 
bolts during a 15-minute period at a calculated con- 
trolled rate that heated them uniformly and exactly 
enough to obtain the desired stress upon cooling, without 
any ‘‘cut-and-try.”’ Extension measurements and the 
amount of turning of the nuts confirmed this proper 





Table 2 


+ 


USE, AVAILABILITY AND FORCI 





stressing. The process had been devised to avoid unfa- 
vorable stressing of the bolts, but its greatest merit 
proved to be its resulting rapidity and ease. It will be 
further developed to heat twelve bolts simultaneously, 
six in a group on each side of the cylinder, for both dis- 
mantling and tightening. 

Western Kentucky coal with relatively low ash-fusion 
temperature (2040 F) was often preferred to Eastern coal 
of equally high sulfur and almost double the ash quan- 
tity. The relatively large furnace-cooling surface, re- 
sulting in average furnace temperatures that do not ex- 
ceed ash-softening temperatures, is maintained relatively 
clean, consistently, by careful operation during nor- 
mal runs of several months continuously under load. 
The first three units averaged slightly less than four stops 
during the year. 

Not until Unit No. 4 was in service did Port Washing- 
ton experience simultaneous outage of two units. Fail- 
ure of one of its generator leads early one Saturday morn- 
ing took Unit No. 4 out on differential relay while Unit 
No. 3 was out for its fall inspection. On another occa- 
sion, testing of Unit 4’s fault-bus relays took out Unit No. 
1 on a Thursday afternoon for 19 minutes, while Unit No. 
4 was similarly out on schedule. Fortunately no service 
impairment resulted. The need of high-pressure steam 
cross-connections has not as yet occurred. 

A forced outage time of 0.8 per cent has been averaged 
by the Port Washington units over the last three years; 
0.3 per cent for the boilers and 0.5 per cent for the tur- 
bines. Inspection of the tabulations describing outages 
published in this and previous January issues of ComBus- 
TION will tell the nature of the forced outages. Early cor- 
rosion trouble on boiler No. 1 and No. 1 turbine blading 


Aen Arma ct >A 


TAi&E FACTOF 











USE HOURLY<(UTPUT ANNUAL-CUTPUT JEXAND DEMAND@AVAILe AVAILADILITY FORCED OUTAGE TIME 
Serve Hre AveHrly-Qutput Annual Output Demand Hre Service Hre 100-itepair Hre Forced Outage Hre*® 
Unit Period Period Hre Rated" " “ Rated ™ Pericd " Demand Hre Period Hre Period Hre 
1 1949 Blre Wye? 8.2 6409 Iel 9505 7505 9 
Turbe Wye9 7308 70.0 799 7520 5.0 re) 
Unit ° 73-8 70.9 100 75-0 Wied 9) 
1936-49 Slre 0-1 07 05 1929 93.6 960k; 94-6 0-7 
(1h Yre) Turte 001 Med 28 9703 2206 7301 220 
Unit 001 74.0 66.8 99 3 9067 90-7 2e 
2 19,9 Blre Wue8 7103 67 ef Pee Sel 950k 0.2 
Turbe 8 1703 7302 9928 951 951 0 
Unit 48 7703 73023 100 Wie8 9520 002 
194.3"= 199 Blre 93.0 7602 70h 9509 971 9548 Ool 
(S02 Yr) Turb. 9323 320k 77-C 981 Sel 9420 Ool 
Unit 73-3 2elk 7720 100 98-2 73.? O«e2 
3 1949 Blre Wied 78.1 Thel el 507 9620 0.2? 
‘ Turbe 109 89.0 8465 5 of S02 56 O08 
t 49 720 of 100 Wie? S02 le2 
1948 ? Blre 400 7707 73-0 Te? 9626 9648 C3 
(1s? Yre)Turb. 400 83.6 3.2 9907 Mie? Dse€ le 
iit 309 306 223 100 7420 "ye? ie4 
19 9#4 Blre 501 7205 6529 98.8 602 1603 0 
(0.3 re)Turte Sel 0602 33.9 5-5 F602 9603 0 
nite Sel 86-2 61.9 100 95el 95el le? 
Plant 199 Blrse Wied 7205 64.9 2903 9526 9507 02 
TurvdSe Wie? 59.7 7505 9907 950? Se3 Oe? 
Inits Wye9 8007 7605 100 We9 95-9 0.5 
_ > ~~ he! WeS 64 9501 O05 
19 36-!,° Blirse Ne’ 7004 Ole Fue5 005 2 
Turdse 123 Tek 7004 W7e7 93-5 9365 ley 
Units 71.3 T7704 7023 9965 93.1 1-7 1-9 


*Terced outage time due to plant equipment failure, including immediate and delayed forced outares. 


*Aetober 27, Octcber 5, and Auzust +5 startings, reSpe 
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Boiler front showing pulverized-coal piping to vertical burners 
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Unit 3 10,087 Avs 
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Comparative heat rates of four units 


and generator trouble impair the long-time record of Ta- 
ble 2. A forced outage time average of 0.2 per cent for 
Unit 2 during 6.2 years is an excellent goal for all units. 
Forced outage time is perhaps a more vital statistic than 
availability, which for the same three years averaged 96.2 
per cent for the boilers, 96.3 per cent for the turbines and 
95.3 per cent for the plant. Operating time of each unit 
during the last three years was close to 95 per cent. 

Turbines Nos. 1 and 2 had operated approximately 
four years each before being dismantled on schedule dur- 
ing the low-load holiday period in July. A moderate 
amount of silica scale was found near the atmospheric 
pressure point (250 F), notwithstanding the fact that 
boiler-water silica had been maintained throughout most 
of the period at the favorably low value of about 0.9 ppm. 
Efficiency loss for the last couple of months before dis- 
mantling indicated well over | per cent loss due to these 
and the moderate water-soluble deposits that occur on 
long runs, despite about 55 ppm. boiler-water solids. 

Not since 6 per cent of the radiant reheater tubing on 
boiler No. 1 was replaced in 1946 by in-place welding of 
new straight lengths during a scheduled outage, has there 
been any replacement of superheater or reheater tubing. 
There have been a few welds made during scheduled out- 
ages, due to minor shop-weld leaks or to small ‘‘fire- 
cracks’’ on the face of radiant reheater tubes, but other- 
wise the superheating equipment has been practically 
without maintenance. Superheating plus reheating duty 
is 65 per cent of evaporating duty in Units Nos. 1 and 2, 
and 70 per cent in Units Nos. 3 and 4. Of the total 
boiler-unit heat input, they account for 32 per cent and 
35 per cent, respectively. 

Unit No. 3 has averaged 10,087 Btu per net kilowatt- 
hour during the year, or 0.9 per cent more than the 10,000 
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figure predicted last year. Unit No. 4 appears to be able 
to stay within the four-figure range, barring unexpected 
trouble, for it averaged 9939 Btu per net kilowatt-hour 
during its first four months of operation. Longer air 
heater plates, omission of the upstream intercepting 
valve, and slightly higher boiler pressure are the principal 
causes of gains over Unit No. 3’seconomy. The increased 
heat rate of Unit No. | reflects lower loads, for this tur- 
bine has only two inlet valves. Its incremental heat rates 
exceed those of the later units. The plant’s average heat 
rate for 1949 was 10,510 Btu per net kilowatt-hour. 

The four Port Washington units have generated two- 
thirds of the system output during recent months, and on 
Sundays are operating essentially alone with minimum 
simultaneous loads of 20,000 kw each. That their load- 
ing is not at the expense of system economy is indicated 
by system heat consumption during October, November 
and December 1949, of 11,893 Btu per net kilowatt-hour. 

Unit No. 5 is scheduled to operate at the end of 1950, or 
early in 1951. 


Table 3 


OPERATING PERIODS AND EASONS POR OUTAGES, 1949 





Operatins Period Outage 





Unit Nc. Start ~6Finishel©6© rs. hun Bl Caonerated fre. "Teason 
1 BL 9 12-27-48e 6-2h-b9 4317. 256,413,000 358.65 General inspection and 


repair boiler and turbine. 
Install new type blading, 
LP spindle, HP spindle, 
and cylinder (scheduled). 
82 HPP = PSH «1627619 97,439,000 032 Error in testing fault bus 
(forced). 
83 9-15-49 1019-19 823.10 49,193,009 83.70 General inspection of beiler, 
turbine and auxiliaries 
(scheduled). 


8 10-23-49 912-256-1900 1550.13 87,883,000 


Total 12-27-48 12-26-49 8317633 490,843,000 i267 
Total 11-22-35 12-26-49 113383043 6,599,075,000 12,192657 


*This period started 10-24-15. 
#eStill in operation. 


2 BL 12827HuBe L-29-L9 = 297 90 185,273,000 21.50 Leaky plug radiant super- 
heater header Mo. 2 side 
(delayed forced). 

32 l=30-L9 7-10-L9 1695.92 105,735,000 345-96 General inspection and repair 
boiler and turbine. Replace 
blating, HeP. & LeP. 
cylinder and spindle 
(scheduled). 


33 T+2l-L9 10-26-49 2256.99 139,660,000 83.85 General inspection and repair 
turbine and boiler 


(scheduled). 
Bh 10-3049 «12-26-1908 1381.77 83,240,000 
Total 12-27-18 12-26-19 8308.48 513,909,000 451.32 
Total 10-27-43 12-26-19 50787.32 3,332,135,000 3585.5% 
This period started 11-7-L68. 
#*Still in operation. 
3 3 12e2THBe = % 27-49 2167-90 155,888,000 28.92 Soot blower cutting of 
boiler tubes (delayed 
forced). 


L 3-28-49 6-10-49 1788.48 128,794,000 189.95 General inspection and 
repairs boiler and turbine 
(scheduled). 


by 6-18-49 9623-49 =: 119 8,210,000 7-95 Leaky bonnet, feed water 


tie valve (delayed forced)+ 


6 6 2b-LF 9-30-LF 23706K5 170,484,000 152.92 General inspection and 
repairs (scheduled). 


7 17-49 10-13-49 = -:15925 10,392,000 67.58 Leak front end of turbine 


joint (delayed forced). 
B = 1016-49) 12-26-49" 1709.97 118,138,000 
Total 12-27-48 12-26-49 831058 $91,906,000 blSeli2 
Total 10-548 12-26-49 1009712 715,742,000 634.54 
#This period started 10-31-18. 


##Still in operation. 


4 1 8-25-49" PLi-LF 475.03 24,092,000 110.48 Initial inspection turbine 


and boiler (scheduled). 


2 P-19-LI 10-15-49 62-97 45,658,000 35025 Cable on "B" phase geners\°r 


lead failed (forced). 
3 10-16-49 12-26-98" 1713.30 124, 362,000 
Total 6-25-49 12-26-49 2816.30 194,111,000 115-73 


*Initial operation of this unit. 
#*Still in operation. 
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Mechanical Vacuum Pumps 
in Central Station Operation 


By R. C. WEBSTER 


Kinney Manufacturing Co. 


A brief history of the applications of this 
type of pump is followed by a discussion of 
its adaptability to power-house service. 
The pump is described, its characteristics 
given, and operating performance in a new 
large high-pressure central station is re- 
viewed. 


HE mechanical rotary vacuum pump has been built 

in industrial sizes for about thirty years. At first it 

was used principally in the manufacture of incandes- 
cent lamps, but for the last twenty years it has had a 
place in industrial processing work as well. Its ability to 
handle air-water vapor was recognized in the late 20's 
when it was applied to the drying of the electric power 
cables. Later it was used for desiccation work in phar- 
maceuticals; then came the drying of foods, penicillin, 
refrigerator units, priming centrifugal pumps, blood 
plasma and many other applications of vacuum drying. 
All of these applications demonstrated the ability of the 
pump to handle water vapor from a pressure ranging 
from atmospheric to within a few thousandths of a milli 
meter of mercury, absolute pressure. At present there 
are several thousand of these pumps of all sizes operating 
on processes where water vapor and air are present in 
varying amounts, some of which have been in continuous 
service for as long as twenty years. 

In the last few years there has been an increasing in 
terest on the part of power-house operators and designers 
in the use of mechanical rotary vacuum pumps on steam 
condensers in place of steam jet air ejectors. This in- 
terest has increased to the extent that there are now a 
number of units in operation, several more under con- 
struction and more under consideration. 

With the ever-increasing use of high-temperature 
high-pressure steam, there seems to be a desire to elimi- 
nate steam lines to accessory equipment. Steam jets 
normally operate at reduced pressures, and high mainte- 
nance in the pressure-reducing equipment is sometimes 
encountered. There is also a desire on the part of some 
operators for automatic equipment which can be oper- 
ated from a single control panel. In this respect, me- 
chanical rotary vacuum pumps can be started from the 
control room by merely pressing a button. There are 
other operators who experience ammonia contamination 
which can be entirely eliminated with the rotary vacuum 
pump. For those who are interested in automatic con- 
trol, the rotary vacuum pump is capable of air removal 
over the entire range of pressures, from atmospheric to 
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the lowest pressure desired. Some are interested in the 
ability of the rotary vacuum pump to pick up a load 
quickly and the characteristics of the pump lend it 
admirably to this condition. Others use the pump to 
test a new unit for air leakage before steam is available 
To date the mechanical rotary vacuum pump has not 
been offered for use with steam generating units operat- 
ing at less than 1000 psi, inasmuch as the initial costs in- 
volved make it economically undesirable to consider this 
type for lesser pressures. However, the cost of the 
mechanical vacuum pump remains the same regardless of 
steam pressure, whereas the steam-jet air pump with its 
auxiliary equipment will vary with the steam pressure. 


Description of Pump 


The pump normally used in this type of work, as 
shown in the cross-section, is liquid-sealed and of the 
duplex type, consisting of a water-jacketed cylinder in 
which there are two eccentrically mounted rotors or pis- 
tons, set 180 deg apart on a horizontally rotating shaft. 
The shaft is mounted on two bronze bearings included in 
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the cylinder heads, and the shaft extends through one of 
the cylinder heads for the drive which is either through a 
V-belt from a high-speed motor or by direct connection to 
a slow-speed motor. 

This type of pump requires some means of sealing and 
lubrication of the various working parts. For this pur- 
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pose a vertical cylindrical tank is supplied and is at- 
tached to the pump discharge. This tank, which is 
generally called a separator tank, is about one-third full 
of the sealing and lubricating medium, which is supplied 
at the rate of a few gallons per minute. It enters the 
pump through the bearings and under about 15-lb pres- 
sure. Inasmuch as this sealing and lubricating medium 
is under pressure, it enters the pump cylinder at a con- 
stant rate where it lubricates and seals the working parts 
and passes out through the discharge of the pump and 
back into the separator tank. In the separator tank 
there is a series of baffles whose function it is to separate 
the gases from the liquid. When large volumes of gases 
are passing through the separator tank, small amounts 
of the sealing medium are carried along with the dis- 
charged gases. In order to save this sealing medium an 
accessory separator is placed at the far end of the dis- 
charge line. This auxiliary separator is called a ‘‘whirl 
type or cyclonic”’ separator and functions much the same 
as a mechanical dust collector. 

At the discharge side of the pump there is a series of 
poppet valves through which the discharged gases pass. 
These act as check valves in preventing the back flow of 
the gases and sealing medium through the pumping 
cycle. 

Inasmuch as this type of vacuum pump is liquid-sealed 
it is necessary toselect aliquid of sufficiently low vapor pres- 
sure so that it will not vaporize under the reduced pres- 
sures encountered, yet high enough in viscosity to seal 
the pump. This liquid must also have lubricating value 
to lubricate properly any internal bearings. Normally 
oil is used for this purpose and for the type of vacuum 
pump under discussion, the oil should have a viscosity of 
about 400 SSU at 122 F, and should be non-emulsifying. 

Following months of tests, an installation was made 
on a new 100,000-kw unit. This twenty-four stage tur- 
bine operates at a speed of 3600 rpm, utilizing steam at 
1275 psi and 970 F. The 55,000-sq ft condenser is 
cooled by water drawn from an adjacent river. The 
vacuum-pump unit consists of two pumps each independ- 
ently driven and the air piping arranged so that either or 
both could be used. A single discharge line was con- 
nected to both pumps through a manifold and one cy- 
clonic, or whirl-type, separator used at the far end of the 
line. A flowmeter was placed in the discharge line so 
that the amount of air passing through the pumps could 
be recorded. 


Operation 


The initial starting was a little slower than usual, and 
with both vacuum pumps in operation it was necessary 
to open a 3-in. line to atmosphere to prevent the vacuum 
from running too high. As soon as the turbine had 
reached sufficient speed to close the seals, the 3-in. valve 
was closed and the pressure reached 1 in. Hg abs very 
promptly. 

Adjustments to the turbine made it necessary to stop 
the unit several times before being placed on the line. 
During the several starts, pump-down tests were made 
with one and two pumps in operation. With one pump 
in operation a vacuum of 17 in. Hg could be reached in 
twenty minutes and with two pumps in operation ten 
minutes were required to reach the same pressure. 
Normally one pump is in operation with the other acting 
as a Standby and both pumps are operated from the con- 
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Installation in large post-war electric generating station 


trol room. When the control engineer notices the flow- 
meter indicating over 4 cfm, he starts the standby unit 
and runs it until the air leakage has been corrected. In 
this particular installation the air leakage was around 2 
cfm. 

After thirteen months of continuous operation the 
unit was shut down and during the shutdown the pumps 
were examined. No visible wear could be detected in 
either of the units. A thin protective film of the oil 
covered the inside of the pumps and prevented the forma- 
tion of any rust which would be normally expected with 
the relatively large amount of water passing threugh the 
pumps. 

With only one pump in operation, the idle pump is 
holding the vacuum. This is accomplished by means of 
the discharge valves in the pump which are nothing more 
than liquid-sealed check valves. It is also necessary to 
shut off the liquid-seal lines when the pump is inopera- 
tive, otherwise the seal would continue to flow from the 
separator tank. This is accomplished by means of an 
electric solenoid valve which opens and closes simultane- 
ously with the starting and stopping of the pump motor. 

The solenoid valves used on this equipment are of the 
packless type; but some operators do not favor this type 
of valve because there is no visible means of determining 
whether it is open or closed. To compensate for the 
omission of the electric solenoid valve and stil] maintain 
automatic operation, a small motor-driven pump is sup- 
plied which works simultaneously with the vacuum pump 
motor. This small pump operates against a relief valve 
set at about 45 psi and discharging into the seal lines. 
When the pump is stopped the closing of the relief valve 
functions the same as the electric solenoid valve. 

As mentioned earlier, oil emulsifies when coming in 
contact with water vapor and would soon become useless 
when encountering the quantities of water prevalent in 
condenser applications. Heat will break down an oil 
emulsion, and therefore the pumps are operated at a tem- 
perature above the boiling point of water; that is, the 
water is taken into the pump as a vapor and goes out thé 
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same way. The vacuum pump unit has a simple thermo- 
syphon cooling system on the water jacket. A thermo- 
statically controlled electric heating element in the sepa- 
rator tank assists in maintaining an oil temperature of 
940 F in the tank. Some operators prefer to circulate 
water from the hotwell through the vacuum pump water 
jacket, instead of using the thermo-syphon system. This 
is quite satisfactory and tends to keep the idle pump 
warm for easy starting. Pumps using heavy oil as the 
sealing medium would require more power to start, unless 
kept sufficiently warm to reduce the viscosity. 

The oil used for this work has a viscosity of about 1600 
SSU at 100 F and is as non-emulsifying as oil can be 
made. At an operating temperature of 240 F it has a 
viscosity of around 200 SSU. Tests made by the oil 
companies of this oil after many hours of operation indi- 
cated that it still maintained its color, viscosity and 
lubrication value. 


Pump Characteristics 


The characteristics of a mechanical rotary vacuum 
pump are such that it has a relatively constant pumping 
speed over the entire range of pressures encountered in 
condenser applications. The size under consideration 
for power-house work has a pumping speed of 550 cfm at 
lin. Hg abs. When operating on a surface condenser, 
the rotary vacuum pump handles an air-water-vapor mix- 
ture. This mixture has been cooled several degrees by 
passing through the air-cooler section of the condenser. 
The Heat Exchange Institute specifies this temperature 
depression as 7.5 deg F but a well constructed condenser 
will do much better; in fact some of the newer units will 
produce as much as 15 deg F or more. 

Dalton’s law of partial pressures states that each com- 
ponent of a mixture occupies the same volume as the 
entire mixture, but each component is at its own partial 
pressure and the sum of the partial pressures makes up 
the total pressure. Air and water vapor under the tem- 
perature and air conditions in a condenser obey Dalton’s 
law with sufficient accuracy. Therefore, for a given 
P, 

Py 

Applying this to a condenser problem assume that the 
condenser pressure is 1 in. Hg abs, the saturation tem- 
perature 79 F, and the temperature depression is 7.5 deg 
F. Then by subtracting 7.5 deg from 79 F we have a 
temperature of 71.5 F at the outlet of the air cooler. The 
partial pressure of water vapor at 71.5 F is 0.78 in. Hg 
abs, which when substracted from the total pressure of 
lin. Hg abs gives the partial pressure of the air which in 
this case is 0.22 in. Hg abs. Applying this to Dalton’s 

99 


~ 


volume of air at a constant temperature, V2 = V; 


law we have V2 = 550 = 4.0 which means that this 


rotary vacuum pump can handle 4 cfm of atmospheric 
air and maintain an absolute pressure of 1 in. Hg abso- 
lute. 

As stated, some of the newer condensers will produce a 
temperature depression as high as 15 deg F with cooling 
water temperatures in the region of 40 F. Under such 
conditions the pump would be capable of handling at 
atmospheric air leakage as high as 7.3 cfm.” By operat- 
ing two pumps slightly lower pressures may be obtained; 
but since the turbine efficiency curve versus back pres- 
Sure in the condenser flattens out at about 1 in. Hg abs, 
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there is little or no appreciable gain in this reduced pres- 
sure. However, the use of both pumps has its advan- 
tages in pumping down the system from atmospheric 
pressure. A recent test on a 55,000-sq ft condenser 
indicated a pressure of 10 in. Hg abs was obtained in 25 
min with two mechanical rotary vacuum pumps in opera- 
tion as against 30 min for the hogging jet. 

In the final analysis it is the condenser that creates the 
vacuum and the vacuum pump merely removes the air 
which infiltrates the system. As manufacturing proc- 
esses improve, condensers will be built with less air 
leakage and greater efficiency. The mechanical rotary 
vacuum pump by its versatility is capable of meeting not 
only the present but future conditions as well with a high 
degree of efficiency and economy. 
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BLAW-KNOX 
Buckets cut costs 
because there's 
less dead bucket 
weight and more 
net pay load re- 
sulting from the 
eae use of 
ight weight alloys. 

Climatic condi- 
tions, gradation 
and type of fuel, method of handling from 
stockpile, boats or cars, definitely affect the 
extent to which the practical use of light 
weight alloys may be employed. 

Experienced Blaw-Knox engineers are avail- 
able to discuss your individual problems without 


obligation, or write for Bulletin 2229. 
BLAW-KNOX DIVISION 


of Blaw-Knox Company 
2047 Farmers Bank Building + Pittsburgh 22, Pa. 
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a HAYS-TRAINED engineer as a better man. 
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simple, easy-reading Hays Home Study Course. 
Hundreds of others have made better jobs for 
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Approved for Gi. Write today for free book. 
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In Plant After Plant— 





A Few of Many MULTICLONE Advantages! . 


POINT oO —It Saves Space! 


Plant space costs money. Because the Multiclone makes really im- 
portant savings in space, it makes similar savings in plant costs. 
The chart tells only part of the story because, in addition to being 
far more compact both in square and cubic footage, the shape of 
the Multiclone can be adjusted to fit various space requirements— 









either long and narrow, Relotive Spoce Requirements 
short and wide, or Moke In Sq. Ft. In Cu. Fr 
square. You can often 1.0 1.0 


fit the Multiclone into 21 18 
tight spaces or waste 5 : 
areas too small for 
other equipment! 


POINT we —It Recovers the ‘‘Fines”’! 


Because its exclusive vane design and small diameter 
tubes generate higher centrifugal forces, the Multi- 
clone recovers a large percentage of even the very 
fine particles 10 microns and less as well as the 
heavier particles. Multiclone’s high recovery of both 
small and large particles means high overall col- 
lecting efficiency. oust 


POINT 3) —It is Unusually Adaptable! 


In addition to the shape adaptability outlined above, Multiclone’s 
inlet-outlet connections are also readily adaptable to plant re- 
strictions. Where headroom is low, 
install the Multiclone with side-inlet, 
side-outlet. Where side clearances 
are small, use side-inlet, top-outlet 
arrangement. Or still other arrange- 
ments are possible! 


POINT 4.) —It is Simple! as 


Both installation and maintenance of 
the Multiclone are unusually simple. 
For example, the Multiclone requires 
only a single inlet and a single outlet 
duct compared with the complicated 
multiple ducts of conventional cy- 
clones. This not only saves space— 
but is simpler and cheaper to install —_, Re — 
and insulate. Moreover, the Multi- , 
clone has no filters to replace, no Mil} 
high-speed moving parts to maintain, UE 
nothing to require frequent cleaning 





Conventional Cyclone 














or repair ...and a single collecting 
hopper serves many tubes! Multicione 
POINT ii Still Other 
Advantages! 








The above advantages are by no means the 
complete story on Multiclone savings. Get all 
the facts before you decide on any recovery 
installation. 


Send for this Multiclone booklet! 
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= 
- AFTER YEAR—in plant after plant—one of the 
nation’s largest automobile manufacturers has selected 
Multiclone Collectors for recovering fly ash and dust in its 
many manufacturing divisions. This repeated selection of 
Multiclones—now totalling over 35 units—is high testi- 
mony to the many vital advantages found in Multiclone 
equipment. Check over some of these advantages as outlined 
at left... advantages that will save space —cut installation costs 
— boost recovery efficiencies — minimize maintenance and make 
other important savings on your recovery operations, too. 


Then consider this fact... Any one of these advantages is 
sufficiently important in itself to make Multiclone equipment the 
logical choice for your re- 
covery operations. But when 
you realize that the Multi- 
clone offers definite, clear- 
cut advantages on every 
qualification essential to 
maximum efficiency and 
economy in recovery opera- 
tions you have some idea 
of the far-reaching savings 
you will make by installing 
Multiclone. 


Let us give you further 
information on Multiclone 
recovery equipment. A let- 
ter, wire or phone call to 
our nearest office places the 
information in your hands 
without obligation. Get a/l 





the facts—and you'll get 
Multiclone! 


WESTERN 
CORPORATION 


ENCINEERS, DESICNERS 4 MANUFACTURERS OF EQUIPMENT FOR 
COLLECTION OF SUSPENDED MATERIALS FROM CASES & LIQUIDS 


Main Offices: 1022 WEST NINTH STREET, LOS ANGELES 15, CALIFORNIA 
CHRYSLER BLDG., NEW YORK 17 « 1 LoSALLE ST. BLDG., 1 N. La SALLE ST., 


CHICAGO 2 * HOBART BUILDING, SAN FRANCISCO 4, CALIFORNIA 
PRECIPITATION CO. OF CANADA, LTD., DOMINION SQ. BLDG., MONTREAL 
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Facts and Figures 


Most high-pressure boilers are being operated with 
some form of phosphate control. 


The longest steam-turbine blading now believed to 
be in commercial service is 23 in. 


The world’s installed hydroelectric capacity has been 
authoritatively estimated as about 65 million kilowatts. 


Coal miners in the United States are calculated to have 
lost an average of $1200 in wages per man through 
stoppages and the short work week during 1949. 


The United States possesses approximately one-half 
the world’s coal reserves, according to surveys that have 
been made in different countries to date. 


A survey recently completed by the Edison Electric 
Institute shows the reserve generating capacity of elec- 
tric utilities, on a nationwide average, to be around 
l1'/» per cent over the estimated December peak. 


Glass fibers are in production with a tensile strength 
of 300,000 Ib per sq in. and experimental glass fibers have, 
on test, been found to approach a million pounds per 
square inch. 

e 


Sodium sulfate and vanadium pentoxide are the 
principal constituents of ash from fuel oil that cause 
troublesome deposits on heat-absorbing surface, such as 
superheaters. 

* 


During the latter part of December the Bureau of 
Mines’ coal hydrogenation demonstration plant at 
Louisiana, Mo., completed a continuous 7-week break-in 
run, converting coal tar oil and Wyoming coal to gaso- 
line and other liquid fuels. 


The Navy’s two power trains, built during the war and 
each of 10,000-kw mobile capacity, have assisted a num- 
ber of localities where temporary power shortages pre- 
vailed. The latest assignment for one of these trains 
is to supplement the power supply of the local utility 
in Mexico City. 

3 


They call it a “‘skyhook.’’ It’s a bolt about three 
feet long that may be used to support coal mine roofs 
irom above, replacing the usual bulky timbering from 
below. The bolt, whose top end has a slit with a steel 
wedge placed in it, is driven up through a hole bored in 
the roof strata. Reaching the end of the hole, the wedge 
spreads the split bolt to anchor it firmly. When large 

washers are fastened tightly to the protruding lower end 
of the bolt, the skyhook holds the thin rock layers together 
to strengthen them after the manner of plywood, thus 
reducing the danger of cave-ins. 
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The NEW 150* HANCOCK 






300* 
Valve 
Results 


at 
150* 


Valve 
Prices! 













Diaphragm con 
struction of new 
150 Hancock 
Bronze Valve 
125% to 230% 


etna ton 
stronger than 


found in usual 


Hancock 
diaphragm 


Usual bronze valve 
diaphragm 


bronze valves 








“Super-Tough” is the word for the new \ So# 
Hancock “‘ 


diaphragm construction equal toa 300# bronze 


500 Brinell” Bronze Valve. With a 
valve, real strength and rigidity are built into 
this new bronze valve. Super-finished “‘so0o 
Brinell’”’ stainless steel seats and discs prevent 
leaks, cut maintenance cost to a minimum. 
Note the extra-rugged structure that means 
top ability to withstand expansions in piping 
systems, strains from installation and piping. 
Save money, increase efficiency, stop leaks. 


Install new 150# Hancock Bronze Valves. 


For complete information, 
see your local distributor. 


8 
HANCOCK 


A Product of Val VeS 


MANNING, MAXWELL & MOORE, INC. 
WATERTOWN 72, MASSACHUSETTS 


MAXWELL 
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TRADE MARK 
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IOT-FLOW Softeners combine heating, 
F 6Softening and deareation in a single, 
compact unit! They provide clean, properly 
"conditioned, SAEER boiler feed water with 
unusual speed, efficiency and economy. Filter 
© beds, for instance, give up to seven years of 
service! Removal of carbonate hardness and 
silica absorption by lime treatment reduces 
dissolved solids, silica, and alkalinity. Non- 
carbonate hardness is removed by soda ash. 
Chemicals othet than lime and soda ash may 
be used to provide final water of desired 
characteristics. ’ 


Send for Infilco Bulletin #1850. Get complete 
information. There is no cost or obligation. 





INFILCo 


® BETTER WATER CONDITIONING ® 
AND WASTE TREATMENT SINCE 


INFILCO INC. Pass 
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Invention and Sifting Out 
Engineering Facts 


HE great increase in inventions be- 
] gan with the start of the Industrial 
Revolution in the Seventeenth Century 
when weaving, mining, metallurgy and 
other arts received great impetus. How- 
ever, the real dynamic step was made 
when James Watt improved the effi- 
ciency of the steam engine and adapted 
it to the use of industry. An important 
factor in this rapid industrial development 
was the granting of patents for inven- 
tions, giving the inventor certain rights 
for a specified time. The foundations of 
modern patent law were established in 
England in 1624 by the Statute of Monop- 
olies 

One invention led to another. The 
availability of the steam engine vitalized 
industry, and inventions were made not 
only in the generation and transmission 
of power, but in the equipment and uses 
made possible by its application. Inven- 
tions created industries; industries re- 
quired engineering and management; and 
engineering improved efficiency, thereby 
reducing the costs and labor required to 
supply man’s needs and wants 

We should now reverse the process and 
ask our engineers to concentrate on mak- 
ing industry as efficient as possible with 
the tools now available. Industry must 
plan and finance research to develop a 
more economic system, and research must 
lead to more worth-while inventions 

The incentive to improve is of greater 
importance, and yet is seemingly less 
prevalent than the ability to invent when 
some specific objective is to be attained. 
Incentives for invention may be generally 
classified as follows: 

(a) Need for new products, processes, 
or services, 

(6) Need to produce a product, per- 
form an operation or process, or render a 
service with less labor, through the use 
of less or more readily available material 
in less time, or at less cost. 

(c) The challenge to do something new 
for the gratification of accomplishment. 

(d) The desire to benefit mankind. 

The majority of inventions have been 
motivated by the first two incentives 
Financial gain has been omitted as a pri- 
Mary incentive, because money alone is 
rarely the motivation for a useful inven- 
tion, although the first two incentives 
listed usually lead to some financial gain, 
if successful. 

In the United States today most engi- 
heering employees freely sign patent agree 
ments whereby any inventions made by 
them, along the line of the employer’s 
activities, are’ assigned to him. Some 
think that this tends to stifle the incentive 
to invent, but observations over a long 
period have shown that there is no with- 
holding of ideas for this reason. Em- 
Ployers usually show their appreciation 
toemployees with creative ability by offer- 
ing them promotions and assigning duties 
resulting in increasing prestige and pay 
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Following are excerpts from 
the Clayton Lecture delivered by 
E. G. Bailey” before the Insti- 
tution of Mechanical Engineers 
in London, April 22, 1949, re- 
prints of which have only lately 
become available. The relation 
between research and invention 
is explained, with a plea that 
research should be so con- 
ducted that more valuable in- 
ventions will be forthcoming. 
Incentives to invention are listed 
and steps in reducing an inven- 
tion to practice are discussed. 
The author outlined his per- 
sonal experience in developing 
combustion and steam generat- 
ing equipment; and that lead- 
ing up to the Bailey steam flow- 
air flow meter is here briefed as 
illustrative of the steps involved 
in bringing about a successful 
invention. 


Unfortunately, many employers fail to 
bring as many engineers into contact with 
research and new problems as they should 
for their own best interests 


General Procedure for Invention 


To invent most effectively requires 
orderly thinking. Probably the best 
pattern to follow is to: 


(a) Exercise one’s powers of observa 
tion and try to arrive at an understanding. 


* Past president of the American Society of 
Mechanical Engineers, founder of the Bailey 
Meter Company, and vice president of Babcock 
& Wilcox Company. 


METER ORIFICE \ 


STEAM PIPE 


(6) Train the memory to be selective 
with respect to observations and informa- 
tion within all fields of interest and pos- 
sible usefulness. 

(c) Analyze, coordinate, classify and 
associate knowledge acquired within the 
fields of interest. 

(d) Having become interested in a 
particular problem, concentrate on it 
and keep working at it until a satisfac- 
tory solution is attained. 


Every worth-while invention should be 
reduced to practice and thoroughly tested 
before it is placed in extensive use; and 
one should avoid the inclination to make 
changes too frequently after the product 
is put to use, even though they may appear 
to be improvements. 

It has been noticed that people who 
have shown ability to develop ideas, to 
lead industry, and to invent, have had 
certain characteristics in common—they 
have been doers and workers, regardless 
of the extent of their formal education; 
they have had good memories and an ac- 
cumulated mass of knowledge which al- 
ways seems to be available to meet im- 
mediate problems. 

Instinct is the spontaneous selection 
of a means to fulfill a need. Many com- 
petent people use the instinctive approach 
to problems in their everyday work. 


Experiences Leading to Development of the 
Bailey Steam Flow—Air Flow Meter 


I was fortunate in obtaining first- 
hand experience in the firing of slabs, saw- 
dust, shavings, corncobs and coal in my 
father’s sawmill in Ohio during the 
1890’s. Following this I gained valuable 
experience in firing about a hundred 
boiler tests, burning several different kinds 
of coal, at Ohio State University, 1900— 
1903. During the following seven years 
opportunity was provided to take part 
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Fig. l—Arrangement of boiler meter 



























































































































































COAL SAMPLES ARE EASY TO OBTAIN 


with $-E-C0. COAL SCALES 


Sampling door, provided in the side of 



































the S-E-Co. Scale, enables operators to take 








a sample of coal just before the coal falls 








into the weigh hopper. At this point it is 











possible to obtain a complete cross section 











of the coal stream. This representative 








sample is the first step in accurate coal 











analysis. 











If you are interested in accurate 





coal sampling, why not obtain 








your sample at a S-E-Co. Coal 


Scale? 
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STOCK ENGINEERING COMPANY 
715C Hanna Building * Cleveland 15, Ohio 



































in and observe the operation and testing 
of stationary, marine and locomotive 
boilers, as well as a variety of industria! 
furnaces. The fuel was mostly bitu. 
minous coal, hand-fired, with some stoker- 
fired boilers and pulverized coal in cement 
plants. Very few firemen had any jp. 
struments to guide them, but all were 
eager to learn about combustion efficiency 
through use of draft gages and the Orsat, 
which were carried as portable test equip. 
ment. 

In order to meet the need for some per- 
manent combustion guide, I started 
working on development of an automatic 
continuous gas analyzer; but before com 
pleting it, carbon-dioxide recorders be. 
came available. The early experience 
with these recorders left much to be de 
sired, largely because knowledge of the 
one component, carbon dioxide, was in- 
adequate for the needs of the fireman 

During firing of the boiler tests at Ohio 
State University it had been observed 
that the Ellison draft gage connected to 
the furnace responded to the condition of 
the fuel on the grate. This draft reading 
was not only responsive to the resistance 
to flow of air through the fuel bed, but 
also to the rate of output. Finally, after 
more than a year’s study and further tests, 
the problem of using draft readings to 
operate a reliable combustion guide was 
on its way toward a solution. The re 
sulting furnace indicator was based upon 
the principle of the Wheatstone bridge, 
used for measuring electrical resistances, 
but it employed the draft differentials to 
determine the fuel-bed condition by 
measuring the resistance of the bed to the 
flow of air. The grate bars used at that 
time had about 50 per cent air space and 
offered little resistance to air flow, com 
pared with the fuel bed. 

The furnace indicator, useful as it was 
for its original purpose of recording the 
fuel-bed condition, did not measure the 
quantity of steam produced. This, from 
the fireman’s point of view, was far more 
important than to keep the recorder pen 
within the shaded band of the chart. It 
was desirable for the recorder to show the 
entire story of boiler operation; and, after 
many months of development and trial 
installations, a steam flow meter was de- 
veloped for use with pitot tubes. Later 
the orifice was explored and developed; 
and subsequently use of a combined bell 
and displacer was adopted. 


Differential Draft Loss Important 


Steam flow, as a measure of output, was 
valuable but alone it gave no indication 
of combustion efficiency. Also, as fur 
naces became larger and the miultiple- 
retort underfeed stoker became tempo 
rarily popular, the furnace indicator was 
less helpful, because the higher resistance 
of the grates, with their small air space, 
diminished the relative effect of the fuel 
bed itself. The furnace indicator was 
therefore doomed to be discarded, but 
the differential draft loss across the boiler 
passes had become recognized as a valt- 
able indication, because it varied closely 
with the boiler output. 

By that time it was recognized that 4 
combustion guide could be made by com 
paring air-flow reading with steam flow, 
it being necessary to design the air-flow 
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mechanism so that it could be adjusted to 
read the same as the steam flow when the 
most economical combustion conditions 
existed. The combustion reaction may 
be calculated in terms of Btu per Ib of 
air as well as in terms of the usual calorific 
value of the fuel. 

The Bailey boiler meter which records 
steam flow and air flow on the same chart 
is represented by the sketch in Fig. 1 and 
in principle by Fig. 2. With the boiler 
meters currently in use, the air flow is 
adjusted so that the steam-flow and air 
flow pens read the same (fY¥ F — S 
VH — L = 1.0) when the correct com 
bustion conditions exist, regardless of the 
rate of steam output. The meter can be 
calibrated by making a series of combus 
tion tests and adjusting the factor f of the 
air flow for each individual boiler and fuel 
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STEAM FLOW READING 


Pig. 2—Combustion characteristics 
illustrating principle of the boiler 
meter 


Recently developed oxygen recorders are 
becoming recognized as valuable guides 
for all conditions where combustion of 
fuel takes place. They are often installed 
in addition to the steam flow-air flow or 
the fuel flow-air flow recorders as continu 
ous checks, to aid in starting up and to 
meet unusual operating conditions 

It is difficult to see how the steam flow 
air flow meter could have been invented 
if it had not been preceded by the furnace 
indicator. 

After pulverized coal came into ex 
tended use, larger boilers were possible; 
means for supplying air and fuel to the 
furnace became more complicated; and 
the need for automatic combustion con 
trol became essential. However, the de 
velopment of such control did not require 
invention of the same degree as was needed 
for the early steps in development of the 
boiler meter, because by that time the re 
lationships between the different factors 
were known, and it was largely a problem 
of harnessing them to the instruments 
There was need for many secondary inven 
lions by many individuals in order to adapt 
the instruments through intermediate 
mechanism to the heavy motor or piston 
Operated dampers, without interfering 
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A VARIABLE 
DETERMINES 
PERFORMANCE 










equals in quality the best in planning and the best in 
building is a boiler ready for a true test of operating 
efficiency. For the unit ready for service, design and 
construction are known values — but maintenance 
determines whether they shall remain fixed for the 
utmost in boiler performance. 


That upkeep starts before a boiler goes into service, 
with surfacing that seals tube and drum steel. Un- 
touched by steam or water, unaffected by any variations 
from established operating standards, APEXIORized 
metal retains for its entire service life initial strength 
and soundness. Isolated beneath a water-insoluble film, 
it cannot deteriorate. Smooth, it discourages deposit 
formation. 


The result: A boiler, clean and secure against corrosion, 
that carries steam-per-hour production at lowest dollar 
cost from blue-printing, through construction and 
erection, to year-in, year-out reality. 


Consulting engineers specify . . . manufacturers endorse 
. .. insurance companies recommend APEXIOR NUMBER 1 
surfacing for boiler tubes and drums, for steam turbines, 
and for power equipment operating under like conditions of 
wet heat. Bulletin 1530 will tell you why. 


Dampney coatings guard metal exposed to weather, fumes, 
wet or dry heat . . . immersed in fresh or salt water, acids, 
alkalies, and oils. Consult uson yourspecialized requirements. 


Maintenance | 
for Metal - 


THE DAMPNEY COMPANY of AMERICA + Hyde Park, Boston 36, Mass. 
















with the accuracy of the meter reading 
and chart records. 

Development and use of the three- 
element feedwater control was deferred 
several years after the fundamental re- 
quirements were fully known, as it was 
desired first to verify the accuracy and 
reliability of the flow meter and level 
recorder type of mechanism. 





Course in Air Pollution 


In line with the widespread attention 
that is now being directed throughout the 
country to smoke abatement and air pol- 
lution, the School of Public Health at the 
University of Michigan has scheduled a 
short 3-day lecture and discussion course 
in air pollution for February 6, 7 and 8, 
1950. In scope the course will deal with 
contaminants, factors involved in pollu- 
tion and correction, physiological effects, 
air-cleaning devices, smoke and pollution 
control. Those selected to give the vari- 
ous lectures are all authorities on dif- 
ferent phases of the subject, and following 
each group of talks there will be a panel 
discussion with a competent moderator to 
direct it along constructive lines. 

While the course is laid out especially 
for the benefit of those charged with pol- 
lution control, health officers, industrial 
chemists, physicians of industrial com- 
munities, and sanitary engineers, others in- 
terested in the subject will be welcome. 
The enrollment fee will be $5, 


Underground Gasification of Coal’ 


Gas produced by burning coal under- 
ground consists of a mixture of nitrogen, 
carbon dioxide, carbon monoxide, hydro- 
gen, methane and some higher hydro- 
carbons. The nitrogen is in the incoming 
air and goes through essentially unchanged. 
The carbon dioxide results from complete 
combustion of carbon with oxygen, while 
the carbon monoxide is a product of the 
partial combustion of carbon with oxygen 
The hydrogen is derived directly from the 
coal or from the decomposition of steam 
in contact with hot carbon monoxide or 
carbon. The methane is produced by 
synthesis during the gas-making reaction 
or together with higher hydrocarbon gases 
from distillation of the coal. 

Heat is available from these gases in 
two forms—first, as sensible heat when 
they are cooled from a high temperature 
to a lower temperature; and second, as 
heat of combustion when the gases are 
burned with additional oxygen. The 
nitrogen and carbon dioxide can only 
give up sensible heat, while the carbon 


monoxide, hydrogen and methane can 
give up sensible heat and be burned as 
well. 


For the generation of steam, with which 
to operate a steam turbine-electric gen- 


* Excerpts from a paper by Milton H. Fies of 
the Alabama Power Company presented on 
November 3), 1949, before the New York 
Society of Security Analysts 








erator at the site of the underground gasj. 
fication, both sensible heat and heat oj 
combustion could be used. The boile 
plant should be close to the exit of the 
underground gasification operation, and 
the gases taken to it at as high a tempera. 
ture as possible. 

In utilizing the gaseous products of 
underground gasification in a gas turbine, 
the turbine can be located at the gas out 
let, the sensible heat extracted through 
suitable heat-exchange equipment, and the 
heat of combustion obtained in the com. 
bustion chamber of the turbine. The 
overall efficiency of such a gas turbine in- 
stallation may be 25 to 50 per cent greater 
than is now obtainable from present min- 
ing methods followed by coal utilization 
in a steam power plant. 

To produce a synthesis gas for making 
oil and gasoline from underground gasi- 
fication, it probably will be necessary to 
use oxygen instead of air underground 
This would give a gas high in carbon 
monoxide and hydrogen 
and eliminate the inert nitrogen 
contemplated that the 
would be synthesized 
Tropsch Process to 
diesel oil. 

There are a number of other possible 
uses for the products from underground 
gasification; for example, in the produe- 
tion of chemicals or higher Btu gases, but 


concentration 
It is 
resulting gases 
by the Fischer 
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BLUEFIELD, W. VA. 


High grade gas, by-product and 
steam coal from Wise County, « 
Va., on the Interstate Railroad. >) 
High grade gas, by-product, “ERioK 
steam and domestic coal from 
Wise County, Va., on the Inter- 
state Railroad. 





a grade, high volatile steam 
and by-product coal from Wise 
County, Va., on the Interstate 
Railroad. 


A laboratory controlled prod- 
uct blended to meet exacting 
stoker requirements. From 
Wise County, Va., on the Inter- 
state Railroad. 


The Premium Kentucky High Old 
Splint unmatched for domestic 
use, Produced in Harlan Coun- 
ty, Kentucky, on the L. & N. 
Railroad. 


Roda and Stonega from Wise 
County, Va. 


Branches: 
BOSTON BUFFALO 
NEW YORK NORFOLK 










(AS 


= burgh seam from Irwin Basin, 


ANTHRACITE 


Our personnel with the experience gained through long and varied 
marketing activity assures effective servicing of any fuel requirement. 


General Coal Company 


123 SOUTH BROAD STREET PHILADELPHIA 9, PA. 


CHARLOTTE, N. C. 
PITTSBURGH 


~ 


High grade gas, by-product, 
steam and domestic coal—Pitts- 


Westmoreland County, Pennsyl- 
vania, on the Penna. Railroad. 


Genuine Pocahontas from Mc- 
Dowell County, W. Va., on the 
Norfolk & Western Railroad. 


High fusion coking coal for 
by-product, industrial stoker 
and pulverizer use from Wyom- 
ing Co., W. Va.,on the Vgn. Ry. 


Hazard No. 4 and No. 7 steam 
and domestic coal from Wis- 
coal, Knott County, Kentucky, 
on the L. & N. Railroad. 


Hazle Brook and Raven Run 
Premium Coal. 
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no extended analysis has yet been made of 
these potentialities. 

In the second experiment at Gorgas 
(Alabama) we have had the benefit of the 
judgment and advice of an eminent 
scientist, Dr. E. T. Wilkins, of the De- 
partment of Scientific and Industrial Re- 
search of the British Government. British 
engineers will undertake an experiment in 
underground gasification in the near fu 
ture. Belgian engineers have their second 
experiment under way at Wandre, near 
Liege. French engineers are collaborat 
ing, and the Belgian coal industry is as 
sisting the financing, together with the 
Belgian and French governments In 
addition, French engineers are undertak 
ing an experiment in Morocco at Djerada 

The two experiments at Gorgas have 
been in a flat seam. Most of the coal 
seams in the United States are relatively 
flat and, although it appears to be more 
difficult to gasify coal in the ground when 
lying in a flat bed, we have deliberately 
chosen these horizontal seams for ex 


hard way 
The Russians state that large industries 


burning coal underground. We have no : 
soto tec Valves superior. 
means of reliably checking these claims 
In the preliminary experiment in unde 
ground gasification at Gorgas, the follow 


Send inquiry to 


ing results were obtained: STOCK ENGINEERING COMPANY 
7150 Hanna Building * Cleveland 15, Ohio 


l. There was no difficulty in main- 
taining combustion of coal underground 


2. Coal in place was gasified com 





better coal storage at lower cost | 
with a SAUERMAN 


POWER SCRAPER 





(Above) 30,000-ton stockpile is 
led by a Sauerman aper 
powered by a 75 h.p. motor. 
Note self-propelled tail car for 
tapid shifting of scraper's line of 
Operation. (At Right) Coke for 
aluminum mill is stored and re- 
claimed by Sauerman Scraper using 
elevated tail bridle. 


Storage of any desired tonnage of coal is an easy, comfortable one-man job 
with a Saverman Power Drag Scraper. This equipment makes full use of any 
ground space with little advance preparation. It stacks the coal in compact layers, 
so there are no air pockets to encourage spontaneous combustion. Everything 
about the equipment is simple and it gives continuous satisfaction with a minimum 
of attention. Hundreds of operators report that their Saverman machines are as 
good as new after many years of service with annual repair costs running as low 
as one-half cent per ton handled. 


WRITE TODAY FOR ILLUSTRATED ENGINEERING CATALOG 


SAUERMAN BROS., INC. 


550 S. Clinton St. Chicago 7, Illinois 


a 
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S-E-CO. COAL VALVES are equipped 


periments in order to find the process best with operating chain of a size and shape to fit the 
idaptable to them. We have chosen the hands of the operators. 
selected not for low cost but rather for a type which 
tecnted moor the Dansts Basin are ehtein operators would find comfortable to grasp. This chain 
ing their fuel supply from gas obtained by is but one of the features that make S-E-Co. Coal 












S-E-Co. Hand Chain was 


pletely. Examination of the underground 
residue showed that only ash and clinker 
remained in the combustion zone. No 
islands of unreacted coal or coke were 
found. 

3. The high temperature developed 
by the gasification brought about changes 
in the overlying strata that appeared to be 
favorable to the process. Roof rock be- 
came plastic, expanded, and settled on the 
mine floor directly behind the reacting 
coke face. Settlement of the roof rock 
forced the air and gas to pass through the 
nurrow openings along the coke-rock in- 
terface. 

t. A gas of varying quality was pro- 
duced by the several methods employed. 
In essence, it appears entirely possible 
that a power gas can be produced during 
combustion either by the use of air, air- 
steam, or air-enriched oxygen. A syn- 
thesis gas apparently can be made by 
using an oxygen-steam blast or possibly 
through a cyclic operation employing a 
steam run. 

Accordingly, the second experiment was 
undertaken, beginning on March 18, 1949, 
and it has progressed The Alabama 
Power Co. made available some 100 acres 
of coal land and technical assistance, both 
without cost to the government. The 
Bureau of Mines has planned, supervised 
and directed the work and financed the 
services and facilities used in the prepa- 
ration and operation of the project. 
It has been estimated that the govern- 
ment alone will have expended, through 
June 30, 1950, some $750,000 in the ex- 
periment. 
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IT HAS MODERN-NESS THAT =,’ 


Jerguson 

/ Water Column 

with 7-HP 

Gage and A-37 

Drain Valve. 

fvailable 

4 complete, of 
4 individual 


“IT’S ELECTRICAL’ / 7" 


/ 


4 
@ There’s one sure sign of a truly modern steam plant 


that will stay modern for many years to come: 
HAYS AUTOMATIC COMBUSTION CONTROL. 


No danger here of obsolescence after a few years! . for 
Hays control is electrical. It will still be functioning 
smoothly, automatically — still maintaining combustion 
efficiency, still saving fuel — after many years of 
unfailing accuracy. 


Look into this modern money-saving system — just as a matter 
of ‘good business.’ Ask Hays users why they prefer it 
to any other. Inspect Hays installations — notice the 
orderly neatness of panel interior; observe the absence 
of involved linkages, piping systems and accessories; see 
how easy it is to change from automatic to manual control or 
vice versa by simple operation of a switch. 


You'll find Hays’ 40-page book No. 47-605 exceedingly 
worth reading. Better ask for it — no obligation. 


THE HAYS CORPORATION e MICHIGAN CITY 1, INDIANA 


JAYS 222 COMBUSTION CONTROL 


INDUSTRIAL INDUSTRIAL 
INSTRUMENTS CONTROL - FLOWMETERS - GAS ANALYZERS®- DRAFT GAGES - CO, RECORDERS 
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Give Positive 


PETRY MIE LS 


Keen Knife-Edge Balance 
Holds Key To Outstanding 


Jerguson Performance 


OU'RE sure of positive boiler 

alarms with JERGUSON 
WATER COLUMNS ... . because 
keen knife-edge balance assures im- 
mediate action. 
Positive action is necessary when 
boiler water level falls too low or 
rises too high in your boiler. Jergu- 
son's camshaft arrangement exerts 
sufficient force to give the power to 
assure action under all conditions. 
The warning whistle blows imme- 
diately when the limit is reached in 
either direction. 
The alarm mechanism on JERGU- 
SON WATER COLUMNS is stain- 
less steel throughout. Valve stem, 
cam, and knife edges are carefully 
hardened. A complete range of 
pressures and sizes, with screwed, 
Hanged, or welding connections. 
There's a dependable JERGUSON 
WATER COLUMN to fit your re- 
quirements. 


Write today, without obligation, 
for complete DATA UNIT on 


Jerguson Water Columns 


Gages and Valves for the 
Observation of Liquids and Levels 


JERGUSON GAGE & VALVE COMPANY 
100 Fellsway, Somerville 45, Mass. 
Representatives in Major Cities 





Phone Listed Under JERGUSON 
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Tentative Program for World 
Power Conference 


’ po omemecer ge from abroad indicates 


substantial progress in arrangements 
for the Fourth World Power Conference 
which will be held in London during the 
week of July 10 to 15. This is the first 
Plenary Meeting of the Conference since 
that held in Washington in 1936, and its 
theme will be ‘‘World Energy Resources 
and the Production of Power." 

Officers of the Conference are: Dr 
W. F. Durand (U. S. A.), president; Sir 
Harold Hartley (Great Britain), chair- 
man; Dr. Gano Dunn (U. S. A.), Mon- 
sieur Ernest Mercier (France) and Shri A. 
N. Khosla (India), vice chairmen; and 
C. H. Gray, secretary. H. Forbes, 4 
Irving Place, New York 3, N. Y., is sec- 
retary-treasurer of the Executive Com 
mittee of the U. S. National Committee 

Papers will not be read at the technical 
sessions, although they will be printed and 
distributed to those in attendance in ad 
vance of the Conference. Thus, the tech 
nical sessions will be given over to the pre- 
sentation of summaries by General Re 
porters whose further duty will be to pro- 
mote discussion. Papers in full, general 
reports and summaries of discussions will 
be reproduced in the Transactions. 

The two working languages of the Con 
ference are English and French. 

Topics to be covered by the technical 
sessions will be grouped in three divisions 
as follows: 

Division I—Energy Resources and 
Power Developments, to consist of a single 
report from each of the National Com 
mittees 

Division 1J—Preparation of Fuels (solid, 
liquid, gaseous, by-product and waste) 

Division III]—Production of Power 
(steam raising and utilization, internal 
combustion engines, gas turbines, jet en- 
gines, hydro power, wind power, solar 
energy and atomic energy). 

A total of 155 papers from 27 countries 
are scheduled for presentation. The com- 
plete list of titles and authors is not avail 
able at this writing but the following con 
stitutes those scheduled for American 
authors: ° 


Division I: Energy Resources and Power 
Developments 

“Energy Resources of the United States,”’ 
by W. E. Wrather, Jas. Boyd, Nelson 
Lee Smith and Eugene Ayres 


Division IT: Preparation of Fuels 

“Trends in Mechanical Mining and Prepa 
ration of Coal,’’ by J. B. Morrow and 
Henry F. Hebley. 

“Advances in Petroleum Refining,’ by 
W. M. Holaday. 

“Synthetic Liquid Fuels’’ (to include 
shale oil), by W. C. Schroeder and A. C. 
Fieldner. 

“Transportation, Storage and Peak-Load 
Capacity in the Natural Gas Industry,”’ 
by George H. Smith and others. 

“Production of Combustion and Synthesis 
Gas from Coal and Petroleum,” by L. L. 
Newman, L. D. Schmidt and H. R. 
Batchelder. 
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Division IIT: 
“Design of Modern Steam Generating 


“Mercury Cycle 


“Aircraft Gas Turbines,”’ 
“State of Hydro-Electric Power Develop- 


“Hydro-Electric Power 


Production of Power 


Units for High-Pressure, High-Tempera- 
ture Service,”’ by Wilbur H. Armacost. 


‘Trends in American Boiler Performance 


Requirements,”’ by W. H. Rowand. 


‘Trends in Developments in Steam Tur- 


bine Practice for Central Station Serv- 
ice," by C. B. Campbell 


‘Progress in the Design of Steam Tur- 


bines for Electric Power Generation in 
the United States,” by Edwin E. 
Parker 

Power ae A 


Progress Report,’’ by H. N. Hackett. 


“Operating Experience me High-Pres- 


sure, High-Temperature Steam Central 
Stations,’’ by P. W. Thompson. 


“Summary of Current Developments in 


Large Diesel and Gas Engines,’’ by 
Ralph L. Boyer. 


“Summary of Current Developments in 


Small Diesel Engines,”’ 
nett. 


by M. R. Ben- 


“American Gas Turbine Practice,”’ by L 


N. Rowley and B. G. A. Skrotski. 
by J. S. Alford. 


United States,’ 
Frank 


ment in the 
Robert deLuccia and 
Weaver 


by E. 
Lloyd 


Available Power 
and Delivery of Water to the Power 
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In this system, ashes, siftings, soot and 
dust are conveyed by pipe from the ash 
pits, dust collectors, stack, etc., to an ash 
receiver and separator at the top side of a 
silo—by means of a vacuum. One man 
operates the system, keeping your plant 
cleaner with less labor. Send for Catalog. 


House,” by William P. Creager, William 

F. Uhl and Byron O. McCoy. 
‘“‘Hydro-Electric Power— Design and Oper- 

ation of Power House and Equipment,” 

by Earl B. Strowger. 
“Heat Pump Progress in the United 

States,”’ by Philip Sporn and others. 

A number of tours in the United Kingdom, 
each lasting about a week, have been ar- 
ranged for the week beginning Monday, 
July 17. Advantage has been taken in ar- 
ranging the itineraries for the inspection of 
technical installations to include also 
places of historical interest and scenic 
beauty. For those not wishing to join one 
of these tours there will be full-day and 
half-day excursions from London. Nu- 
merous social functions are also scheduled. 

The membership for those attending the 
Conference will be (6, this amount cover 
ing the cost of a set of preprints of the in- 
dividual papers, copies of the General Re- 
ports, admission to all sessions and attend- 
ance at the official banquet as guest of the 
organizing committee. Membership fee 
for ladies accompanying members is also 
£6 and includes, besides admission to the 
opening and closing sessions and the ban- 
quet, visits to historical places in the 
neighborhood of London. The tours are 
variously priced. 

Membership application forms and de 
tailed information may be had from the 
office of the Secretary, 414 Cecil Chambers, 
76/86 Strand, London W.C. 2, England. 
Travel and hotel accommodations may be 
obtained through Thomas Cook & Son 
Ltd. who have travel bureau offices in the 
principal American cities 
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RROULA TING oat n ie i cuures COAL 
———HANDLING 


Coal arrives by rail, is dumped into 
hopper, raised by bucket elevator and 
discharged either into bunker for im- 
mediate use or down chute to yard 
storage. One operator controls all 
equipment. Send for Catalog. 





“BenUMONT BIRCH Company 


1506 RACE STREET~PHILADELPHIA 2, 


PENNA. 


BULK MATERIAL 
HANDLING SYSTEM ’ 
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l—How to Keep Invention 
Records 


\ 


\ By Harry A. TouLMIN, JR. 


78 pages Price $2.50 
The text discusses in easy readable non- 
technical language the high spots of patent 
technique and particularly emphasizes to 
members of the bar, inventors and corpora- 
tions the grave necessity of keeping ade- 
quate records of their valuable industrial 
property, known as inventions, the monop- 
oly of which they are seeking for a period 
of years. 

In the first part of the book the general 
nature of industrial property and monop- 
olies granted to protect it are discussed, 
comprising such general fields as patents 
and copyrights. A discussion of foreign 
protection is also included. 

In the second part a system is formu- 
lated based on the statutes as interpreted 
in numerous court decisions, to determine 
accurately the first user or inventor, 
and a practical method of insuring the 
recording of necessary dates is presented 
in a series of a dozen forms. These 
forms include Summary Card, Preliminary 
Sketch, Sheet, Research Record, Drawing 
Form, Construction Record Sheet, Test 
Record Sheet, Statement by Witness, 
Photographic Record Form, and others. 

The final part deals with methods of 
patent investigation discussing briefly 
points such as Anticipation of an Inven- 
tion, Purchase of Patents, Infringement, 
Validity of the Patent, Title, Investiga- 
tion before Invention, etc. 


2—Steam, Air and Gas Power 


By W. H. SEVERNS AND H. E. DEGLER 


509 pages Price $4.75 
This is primarily a textbook for students 
in heat-power engineering courses, with a 
number of selected problems following each 
chapter. The treatment follows the usual 
sequence with introductory chapters on 
heat and heat power plants, followed by 
the principles of thermodynamics and dis- 
cussions of fuels, steam generation, water 
conditioning, draft, prime movers, com- 
pressed air, internal-combustion engines, 
etc. Much of the text of the previous 
edition has been revised and some illustra- 
tions replaced. 
turbine has been added. 


New material on the gas 


\ 


3—Combustion Engines \ 


By ARTHUR P. FRAAS 


440 pages Price $5.50 


This is a new text covering commercially 
important types of heat engines in which 
the working fluid consists of the products 
of combustion of hydrocarbons and air. 
While major attention is devoted to gaso- 
line and diesel engines, some consideration 
is afforded the gas turbine. 

The book is intended for the use of 
engineering college seniors and engineers 
in industry, and to satisfy such a diversity 
of interests an attempt has been made to 
relate practical considerations to basic 
theory. Toward this end photographs 
illustrating recent developments in engine 
testing techniques have been included, 
along with the extensive theoretical data. 
Numerous problems and pertinent tech- 
nical references follow each chapter. 

Following are some of the topics pre- 
sented: engine types and construction, 
thermodynamics of engine cycles, fuel 
metering and injection, ignition, lubrica- 
tion, cooling supercharging, performance 
analysis, overhaul and maintenance, gas 
turbines and engine installations. 


4—Boiler Fireman’s Handbook 
By JoserH R. DARNELL 


200 pages Price $3.00 


As the title implies, this is a practical 
treatment of the many problems encount- 
ered in boiler plant operation, much of the 
subject matter having been published 
serially in Power Plant Engineering dur- 
ing the period 1944-1946. 

An idea of the coverage may be had 
from a listing of the chapters which in- 
clude: Fundamentals of Combustion; 
Why Flue Gas Temperature Goes Up 
When the CO. Goes Down; Sampling 
and Analyzing Flue Gas; Interpreting 
Flue Gas Analyses; Measuring Flue Gas 
and Furnace Temperatures; Coal Stor- 
age and Preparation for Use; Boiler Ef- 
ficiency Calculations from Flue Gas An- 
alysis and Temperature; Types of Air 
Preheaters and Effect of Preheated Air, 
Natural and Mechanical Draft; Draft 
Gages; Hand Firing Methods; Stoker 
Firing; Oil Firing; Gas Firing; Pulver- 
ized Coal Firing; Waste Fuels; Heating 
Feedwater; and Flexibility in Firing 
Equipment. 


5—Thermodynamics 
First Edition 


By EpwaArp F, OBERT 


571 pages Price $5.50 


Many textbooks have been written on 
the subject of thermodynamics, but this 
one has been made more complete than 
the average with a view to extending the 
coverage beyond the usual undergraduate 
requirements, without, however, in any 
way sacrificing the fundamentals. The 
author, who is associate professor of me- 
chanical engineering at Northwestern 
Technological Institute, Northwestern 
University, points out that this was done 
to encourage the student to progress be- 
yond the borders prescribed by the in- 
structor. 

Many of the chapters have been de- 
veloped as separate entities, of which 
that on ‘power cycles’’ is particularly 
good. These chapters deal with dimen- 
sions and units, fundamental concepts, 
the first law of thermodynamics, the re- 
versible process, the second law of ther- 
modynamics, properties of fluids, charac- 
teristics of gases, approximate calcula- 
tions for real gases, flow of fluids, mixtures 
of gases and vapors, thermochemical 
calculations, power cycles (both vapor and 
gas) and refrigeration. 

n extensive appendix contains numer- 
ous tables, curves and charts. 


{ 
6—E]ementary Steam Power 
\ Engineering 


By EpGAR MACNAUGHTON 


Third Edition 


640 pages 6x9 Price $6.50 


The general presentation resembles that 
of most textbooks, except that there is 
some departure from the usual sequence 
of topics by having the practical discussion 
precede the theoretical; and the text is 
more profusely illustrated. Each chapter 
is followed by a number of carefully 
selected problems. 

Major changes since the previous 1933 
edition include ASA symbols and abbrev- 
iations, abridgment of the latest steam 
tables, rewriting of much of the text to 
accord with advancing practice, and the 
inclusion of additional material, especially 
on thermodynamic principles and on tur- 
bines. 


COMBUSTION PUBLISHING COMPANY, Inc., 


Enclosed find check for $..... ...for which send me books listed by number. 


NAME 


200 Madison Avenue, New York 16, N. Y. 


a 





ADDRESS 





Postage prepaid in the United States on all orders accompanied by remittance or amounting to five dollars or over. 
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CE-S Establishes Western 
Division 

A Western Division of Combustion En- 
ginecring-Superheater, Inc., New York, 
with headquarters in Los Angeles and 
branch offices in San Francisco and 
Seattle, was established, as of January 
first, as an expansion of the Company’s 
facilities to meet the growing industrial 
activity of the West Coast states. 

Robert M. Hatfield, Jr., formerly assist- 
ant general sales manager of the Company, 
has been appointed general manager of the 
Western Division and will be in charge of 





Robert M. Hatfield 


all activities in the states of Washington, 
Oregon, California, Nevada and Arizona. 
An engineering graduate of Purdue Uni- 
versity, he has had 15 yr of service with 
the Company, interrupted during the war 
years when he was on loan to the War 
Production Board where he served suc- 
cessively as Chief of Boiler Section, Di- 
rector of the Production Scheduling Divi- 
sion and Deputy Vice Chairman for Pro 
duction, in charge of production for all 
war industries. 

H. G. Thielscher, formerly resident en- 
gineer of the West Coast, has been made 
chief engineer of the Western Division with 
headquarters in San Francisco. Prior to 
his association with Combustion, Mr 
Thielscher was general superintendent in 
charge of power generating stations for the 
Potomac Electric Power Company of 
Washington, D. C. 

Frank Bader of Combustion’s Philadel 
phia Office has been transferred to San 
Francisco, and Elmo Keeler of the New 
York Office has been transferred to Los 
Angeles. Hugh Nickle, formerly in charge 
of the Company’s Paper Mill Division in 
New York, and more recently district 
manager for the Northwest, will continue 
in that capacity with offices in Seattle. 

The activities of the Western Division 
will include sales, installation and service 
of the Company’s line of boilers and related 
equipment for the utility, industrial and 
marine fields, as well as pulverizing and 
drying equipment for industrial plants, 
chemical recovery units and bark burning 
boilers for the pulp and paper indtstry, 
and sewage sludge drying and incineration 
equipment for municipalities. 
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Fly Ash Use in Road 


Construction 


There appears to have been some con- 
fusion on one point in reporting the dis- 
cussion at the session on fly-ash uses during 
the recent A.S.M.E. Annual Meeting. On 
page 48 of our December issue it was 
stated that fly ash is being employed ex- 
tensively in concrete road construction in 
New Jersey. This is not correct. It is 
being used successfully in mud-jacking 
concrete roads that have settled. The ag- 
gregate which is pumped in under pres- 
sure for this purpose, consists of 40 per 
cent fly ash, 60 per cent sand and 5 bags of 
cement to each cubic yard. The use of fly 
ash in pavement work in Detroit is under- 
stood to refer to bitumastic road construc- 
tion 


SREEAR BOX 


Engineered Accessories 
For Boiler Tube Expanders 


EXTRA HEAVY DUTY RIGHT ANGLE 
GEAR DRIVE 





For use wherever 
increased torques, speed 
reduction or change of direction is required. 


PARALLEL GEAR DRIVE 
a ? * « 
1e@°29 
Py . 
Designed for parallel lines 


through hand holes to provide faster 
rolling than possible with Ratchet Wrench. 


RIGHT ANGLE GEAR DRIVE 








For use with expanders where 
hand hole is not opposite tube opening or 
where space is limited. 


REVERSIBLE RATCHET WRENCHES 
Supplied with various sizes of square drives 
and lengths or handles. 

UNIVERSAL JOINT DRIVE EXTENSION 
Designed especially for use with expanders 
when rolling tubes in close quarters .. . 
where tubes are not in line with the hand holes. 
DRIVE EXTENSIONS 

Used with Universal Joints, Sockets, Parallel 
Gear Drive or Right Angle Gear Drive. 


SOCKET COUPLINGS 


For Connection Drive Extension to mandrels for 








increased reach. 


UNIVERSAL JOINTS 
Provide angle drives when space is limited or 
where hand holes are not in line with tubes. 


Write For Price List and 
Descriptive Literature 





PEERLESS 


Supply Company, Inc. 
134 Berriman St.. Bklyn 8 WN. Y 





Largest High-Pressure 


Turbine-Generator 








During the past year a number of large 
turbine-generators were installed in utility 
power plants. The largest so far put in 
service to operate at high pressure and high 
temperature was a 1250-psig, 925-F, 
tandem-compound, double-flow, 1800- 
rpm, General Electric unit of 165,000-kw 
maximum capacity which was placed in 
service at the Fiske Station in Chicago 
The 176,470-kva generator is hydrogen 
cooled and incorporates eight vertical 
coolers, four along each side. The one 
piece stator weighs 398,000 Ib. 


A. V. Adamson Retires 


On January first, A. V. Adamson re- 
tired from Combustion Engineering-Super- 
heater, Inc., after twenty-five years as 
manager of its New York District Sales 
Office. However, he will serve in a con- 
sultive capacity to the Company. 

A native Virginian and an alumnus of 
Virginia Polytechnic Institute, Mr. Adam- 
son acquired his early engineering ex- 
perience with the United Gas Improve- 
ment Company of South Bend, Ind., and 
the Delaware & Hudson Railroad Com- 
pany He joined the Locomotive Pul 
verized Coal Company in 1914, working in 
collaboration with the late V. Z. Cara- 
cristi in the design of the first application 
of pulverized coal burning on a locomotive 
This installation for the New York Central 
was followed by a number of similar ap- 
plications for leading railroads. Four 
years later he became associated with the 
first pulverized coal installation in a cen- 
tral power station, namely, the Oneida 
Street Station of the Milwaukee Electric 
Railway & Light Company. With the 
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general acceptance of pulverized coal 
following the Lakeside Station imstalla- 
tion of the same company in 1920, he en- 
gaged in designing pulverized-coal-fired 
plants in many sections of the United 
States, and served as an advisory engineer 
for Combustion Engineering Company 
from 1920 until his appointment in 1924 
as New York district sales manager 
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simple... reliable... 


easy to take apart 


Only three moving parts. No pilot gears. No 
sliding vanes. No reciprocating members. 
Nothing to get out of order. 

IMO pumps are designed for handling oils, 
hydraulic control fluids and other liquids over 
a wide viscosity range. 


Send for Catalog _-32AV. 


IMO PUMP DIVISION of the 


DE LAVAL STEAM TURBINE CO. 


TRENTON 2, NEW JERSEY 


| MOVE OL 


& COPY OF CATALOG GIVING FULL DESCRIPTION AND ENGINFERING DATA SENT UPON REQUEST 


FLEXIBLE COUPLINGS 


POOLE FOUNDRY & MACHINE COMPANY WOODBERRY, BALTIMORE, MD. 
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HYDRAULICS 
AIR 
COMPRESSORS 


AUDELS PUMPS, HYDRAULICS, AIR COMPRESSORS 
A New Practical Guide for Engineers, Pump Operators 
and Mechanics. 1658 Pages. Fully indexed & Illustrated 
For Ready Reference Including QUESTIONS AND 
ANSWERS. Covers Practical Operation of Pumps 
Hydraulics, Air Compressors and Auxiliaries, Easy to 
Understand, Highly Endorsed—Ask to See It! 

(MF To get this assistance for yourself, simply fill in and 
mail FREE COUPON today. 


49 W. 23rd St., New York 10 


Mail AUDELS PUMPS, HYDRAULICS, AIR COMPRESSOR Price 
$4) on 7 days free trial. If O. K., | will remit $1 in 7 dave ane $i 
monthly until the $4 is paid. Otherwise | will return it. 
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